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What Was Done Can Be Done Again 


Wuen Frederick the Great became emperor of the newly 
formed German Empire, he found himself the dictator of 
an almost ruined country. Wars had wrought their havoc; 
industry was virtually non-existent; despondency and dis- 
couragement prevailed. Many people had become shiftless 
and the future looked hopeless. Frederick the Great was 
face to face with a great problem, the same problem that 
has been recurring since civilization began. But Freddy 
knew the answer. 

In order to establish industries and put everybody to 
work, Frederick the Great selected men with trained minds 
and sent them to Switzerland to work in the glass factories 
of Jena. He directed German college professors to study 
the science and industry of France and England, to visit 
those countries and investigate their industries. Using the 
learned scientists and professors as a nucleus, he promoted 
the establishment of experimental and research labora- 
tories. Germany was laughingly dubbed, “the land of 
college professors.” 

But the German professors learned quickly. What they 
learned in the foreign countries they developed further in 
their own halls of learning and research laboratories. Soon 
they excelled the masters who first taught them. Thus 
did Germany become the foremost country for the produc- 
tion of fine lenses and glassware. Her chemical indus- 
tries became second to none. In the field of precision 
instruments she competed successfully with Switzerland, 
and in toy making she excelled all countries. Germany 
prospered. 

It is said that whenever in his travels Frederick the Great 
saw men loafing he lashed them, berated them and com- 
pelled them to work. The homely virtues of industriousness 
and thrift were lauded and rewarded. Individual initiative, 
organized industrial undertakings and scientific develop- 
ments were encouraged and fostered. College professor- 
ship carried with it the highest honors and the greatest 
respect from all classes of people. And it was considered 
sinful not to work. 

It is easy to find a great deal of criticism against the 
system that made Germany the world’s leading industrial 
nation. But one must not permit disagreement with details 
to becloud the philosophy that accomplished the desired 
results. Boiled down to its essentials, the philosophy that 
created industrial Germany put a premium on initiative, 
encouraged learning and the building up of industries, 
lauded and honored the virtues of work and thrift, con- 
demned and scorned laziness, rewarded accomplishment 
and penalized the lack of it. 


Considering the present industrial and economic prob- 
lems, would not the application of this same philosophy 
today bring about similar results? Whatever may be the 
formula to reestablish industrial prosperity, one of the 
essential factors in that formula is scientific and engineering 
progress. Only through new industries, more industries, 
and bigger industries can normal employment conditions 
be obtained. To attain that end learning, research and 
industrial achievement must be encouraged and honored. 
New materials, new devices, new products and new indus- 
tries must be created. Thus will be created more wealth 
with more people sharing in its distribution. This can only 
be done if the will is there to do it. And that means 
there must be incentives to do—and not rewards for not 
doing or punishments for accomplishments. 

There is really nothing fundamentally new in_ these 
concepts. But there are many who seem to believe that 
the world has reached the limits of scientific and industrial 
progress. Their thinking assumes that science and indus- 
try can no longer bring forth new things. Therefore, 
they reason, that which stifles enterprise does no harm. 
Hence, according to that philosophy, the only factor to 
consider in today’s problem is how to distribute fairly the 
maximum wealth that might be created with our present 
limited knowledge and equipment. 

History shows such thinking is fallacious. To abolish 
it we must change the national thinking and create a coop- 
erative public attitude toward science and industry. This 
cannot be done by attacking the political proponents of the 
present order. It can be done if science, research, teach- 
ing and engineering bring their lights out from under the 
bushels. They should talk to John Citizen in his own lan- 
guage and tell him not about the glories of research and 
engineering but about the things they have done and hope 
to accomplish, the trials and tribulations, the hindrances 
encountered and what they aim to contribute to the welfare 
of society. 

These professions have done a fair job in talking to them- 
selves and to each other. The job now is to tell it to 
everybody else. Individually and collectively let us not 
sing praises but tell the world what is going on behind 
the scenes. Thus might be established a sharp public con- 
sciousness of what can be accomplished through science 
and engineering leading the way for unfettered industrial 
enterprise to reestablish a high regard for work and thrift, 
a position of honor for the professions, jobs for all and 
the creation of a greater flow of wealth to be shared by 
everyone. 
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W. S. Rockwell Co. and National Lock Washer Co, 


Retort-type furnace with inlet zone (right) controlled by multi-position 
mechanism without load compensation. Outlet zone (left) has same mecha- 


nism with load compensation 


TEMPERATURE CONTROLS 


Operated By Electrically-Powered Mechanisms 


R. A. SMART 


Development Engineer, Automatic Temperature Control Co., Inc. 


An outline of the factors to be considered when selecting the 


elements that make up the control system and also of the diffi- 


culties involved in classifying temperature control problems 


TTEMPTS have been made to 
A classify temperature control ap- 
plications and to assign to each 
classification the type of control which 
should give most satisfactory results. 
Such arrangements, if they could be 
made with accuracy, would be of much 
benefit to many engineers. However, 
there are so many variants and excep- 
tions to any general rules that the equip- 
ment would probably be unsuitable if 
chosen solely by such a method. The 
best approach to a solution of temper- 
ature control problems is an analysis 
of the important characteristics which 
are common to all. 

Consider first a simple heat exchanger 
consisting of a vessel containing a sup- 
ply of steam surrounding a pipe or tube 
through which passes the medium to be 


heated and controlled for temperature. 
It is evident that there are a number 
of factors which will affect the mainte- 
nance of an even temperature. On the 
supply side, some of these are: 


(a) Temperature difference between 
steam supply and medium being heated. 

(b) Volume of steam available or size 
of control valve with pressure difference 
between inlet and outlet. 

(c) Volume and heat capacity of the 
containing vessel. 

(d) Location of the pipe or tube 
within the container. 

On the load side, some of the factors 


are: 

(e) Size, thickness and heat capacity 
of the tube. 

(f) Location of the point of measure- 
ment. 





(g) Normal volume of the medium 
to be heated, per unit of time. 

(h) Extent and duration of changes. 
from the normal, of the flow rates of 
the heat transferring medium. 

This list might be expanded to include 
the specific heats of the materials in- 
volved, characteristics of the heat ex- 
change surfaces and other factors. 

Proceeding now to a more complex 
application, such as a continuous muffle- 
type, gas-fired heat-treating furnace, the 
following analogous factors similarly 
lettered are involved: 


(a) Difference between maximum tem- 
perature of gases outside of muffle and 
desired temperature inside of muffle. 

(6) Maximum capacity of burners 
and consequent maximum heat release. 

(c) Volume of combustion chamber. 
volume of brickwork affected by tem- 
perature changes. 

(d) Design of combustion chamber, 
location of burners, etc. 

(e) Size, thickness and heat capacity 
of the muffle. 

(f) Location of the thermocouple. 
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(<) Amount and nature of load within 
mulile. 

(h) Maximum variations in loading 
and duration of such variations. 

A similarity of factors affecting the 
two applications is easily discerned. 
However, the practical effect of these 
factors can be fairly well summarized 
into two characteristics, the first and 
most important of which is lag, which 
can be defined as the time interval be- 
tween the occurrence of a change in 
heat demand and the moment when 
that change in demand produces a cor- 
rective change in temperature at the 
point of measurement. This lag will 
be affected by factors a to g. The sec- 
ond important characteristic is the ex- 
tent and duration of heat demand 
changes or factor h. Obviously, both 


Pyrometer 


Controller 





Fig. 1—Diagrammatic view of controls on 
an under-fired heat-treating furnace 


these characteristics are hard to evaluate 
except by experience or by experiment 
with an existing installation. But with 
some knowledge or estimation of their 
values, it is usually possible to select 
an adequate control system. 

If there were no lag, there would be 
no problem. If response of the measur- 
ing instrument to a change in tem- 
perature at the bulb or couple were 
instantaneous and if it were possible 
to produce, at the couple location an 
instantaneous corrective change in heat 
supply, the simplest type of control sys- 
tem would give perfect regulation. But 
these conditions are ideal and impos- 
sible of realization. Some degree of lag 
is inevitable. The total lag of a process, 
as it affects temperature control, is 
made up of a number of elementary 
delays which, added together, make up 
the total process lag. Lag can be con- 
sidered as being made up of two parts. 
i.e., “instrument lag” and “heat transfer 
lag.” 

A change in temperature at the point 
of measurement does not immediately 
affect the measuring instrument and, in 
some installations, the latter does not 
immediately notify the controlling device 
that a change has occurred. If the 
measuring element is a gas-filled bulb, 
an appreciable time must elapse before 
the temperature change outside the bulb 
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wall causes a change in volume of the 
contained medium which will be reg- 
istered at the instrument. If the measur- 
ing element is a thermocouple, a similar 
delay will occur, affected by the charac- 
teristics of the protecting tube and the 
wire size. 

While these cumulative delays, making 
up what is here referred to as instru- 
ment lag, are of shorter duration than 
the heat transfer lag, the net result is 
that instead of being notified in ad- 
vance of an impending temperature 
change, the control mechanism is handi- 
capped by having to correct for a 
change already under way. This delay 
makes necessary a temporary over- 
correction to compensate for the inabil- 
ity to take immediate action. 

Heat transfer lag represents the sum- 
mation of all other delays between the 
moment of instrument contact and the 
moment when a corrective temperature 
change occurs at the  temperature- 
sensitive element. As an example of 
heat transfer lag, reference is made to 
Fig. 1 in which is shown a simple under- 
fired furnace burning gas or oil. When 
the control mechanism increases the 
supply of fuel in response to a drop in 





Fig. 2—Valve movement diagram for ex- 
plaining two-position and _three-position 
control system 


temperature, the furnace is already filled 
with a volume of gases at a certain tem- 
perature and this temperature must be 
raised, or rather these gases must be 
pushed out and replaced by gases at a 
higher temperature. A_ considerable 
part of the heat of these new gases will 
immediately be absorbed by the furnace 
structure, the brickwork and _ hearth. 
first in the combustion chamber and then 
in the superstructure. Depending on its 
location in the stream of gases, the 
couple will eventually feel the change. 
But there will be a time lag measured 
in seconds or perhaps minutes, which 
will put the control system at a serious 
disadvantage. 

The first necessary element of “the 
ideal system” of temperature control 
is a means of measurement. For before 
controlling any variable it must first 
be measurable. It is not necessary that 
the measuring device announce the re- 
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sult as so many degrees but it should 
promptly produce a motion which is 
proportional to the change in the variable 
and/or make electric contacts tie mo- 
ment that deviation occurs. Except in 
the simpler systems the measuring de- 
vice or pyrometer consists of a tem- 
perature-sensitive element which is either 
a gas or liquid-filled bulb or a thermo- 
couple together with the instrument 
proper which translates the bulb pres- 
sure or the thermocouple current into 
suitable means to operate a compressed- 
air diaphragm valve or an electrically 
operated valve. The instrument may 
also indicate and record. 

The second necessary element of the 
control system is the means for chang- 
ing the flow of heat, which may be a 
valve in such heat sources as hot water, 
hot gases, steam gas or liquid fuel. Or 
it may be a speed regulator in a motor- 
driven stoker for a coal-fired boiler or 
a current regulator in electrically heated 
devices. This element is usually a valve, 
which may be either pressure-operated 
as a bellows or diaphragm valve, or elec- 
trically operated as a solenoid or motor- 
driven valve. If the valve size is small, 
if the pressure of the medium is low and 
if the temperature to be controlled is 
within the allowable range for a bulb, 
the latter may furnish the motive power 
to operate the valve without recourse to 
external power. But under other condi- 
tions, the pyrometer must act as a relay 
to actuate the valve by air or electricity. 

The third necessary element of the 
control system is the valve operator 
which shall hereafter be called the con- 


10 Volts AC. 





Fig. 3—Schematic wiring diagram and ele- 
ments in a multi-position control system 
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troller. In the simple non-indicating 
bulb system, this division into three dis- 
tinct elements is difficult to make but 
in general the division holds good. It 
is with the functioning of this third or 
key element of the system that this 
article deals. 

That the measuring device, the heat 
regulator and the controller may com- 
bine to constitute the “ideal system,” it 
is required that: 


The measuring device or pyrometer 
shall be accurate and shall give 
prompt notice of the amount and 
direction of change in the variable; 
that the controller and attached valves 
shall make such momentary changes 
in the flow of heat in response to 





Fig. 4—Temperature charts from a large 
two-zoned continuous hea:-treating furnace 


Fig. 5—Two temperature lines from a 
single zone continuous furnace with rela- 
tively long intervals between the entry 


of fresh loads 





pyrometer contacts as will bring the 
temperature back to and hold it at 
the desired normal. 


These requirements for the measur- 
ing device are fairly well met by exist- 
ing commercial instruments. But the 
requirements given for the controller 
are difficult or impossible to attain 
exactly. The main reason is that while 
the pyrometer tells what has happened, 
it can make no indication as to what 
will happen in the next few moments 
and this is something that the controller 
should know if it is to take proper cor- 
rective and preventive action. 

Control systems, limited to those using 
motor-operated mechanisms, can _ be 
classified as: (a) ‘Two-position; (b) 
Three-position; or (c) Multi-position. 

One additional system, usually called 
“floating control” might be added to 
this list but it is suitable only for those 
installations where the lag is very small. 


The Two-position System 


Probably the earliest form of mo- 
torized controller was the two-position 
system. Because of its simplicity and 
low cost, it is still widely used for sim- 
ple control problems. Theoretically it 
gives only a poor control since it pro- 
vides but two rates of heat input, neither 
of which can satisfy the normal demand. 
It is, in effect, a duplex temperature 
safety valve, preventing a run-away of 
temperature in either direction. In order 
that this system may operate, one heat 
supply rate must be greater than the 
normal demand and the other must be 
less. 

The movement of the lever arm of a 
rotary-stem valve is shown in Fig. 2 
in the open and closed positions. Sup- 
posing that the rate of heat flow corre- 
sponding to position N will balance the 
normal demand, and that positions O’ 
and C’ represent respectively the valve 
positions which will hold the temper- 
ature under conditions of greatest and 
least demand, it is necessary to set up 
the controller mechanism so as to move 
the valve to O” when the demand is 
maximum so as to insure a prompt 
checking of the declining temperature 
and a quick return toward the normal. 
Similarly, the low flow position is set 
up at C”, which is something less than 
the expected minimum C’. Even if the 
required change in heat supply neces 
sary to maintain an even temperature is 
less than that corresponding to posi- 
tions O” and C”, the valve must take its 
full travel whenever the instrument con- 
tacts change from low to high or vice 
versa. Thus the temperature must con- 
stantly fluctuate above and below the 
line, the amount of overshoot in each 
direction depending on conditions. 

Being unable to come to rest on any 
mid-position which for a time would 
hold the required temperature, two- 





position control produces cyclic chanses 
in temperature which are often unile- 
sirable. In practice, however, the sys- 
tem works very well on a great many 
applications where these cyclic changes 
are not detrimental. 


Three-position Control 


Three-position control is not merely 
an extension of two-position control by 
the addition of one more valve position, 
since it is capable of giving, within lim- 
its, real temperature control. In instal. 
lations where changes in loading are 
not of long duration, it is capable of 
coming to rest at a mid-position which 
satisfies the normal demand. This is a 
prime requisite of good control. Re. 
ferring again to Fig. 2, it was noted 
that in a two-position system, when the 
valve leaves position O” after the making 
of high contact by the pyrometer, it 
must travel to position C” which is so 
far below the normal demand N that 
within a few seconds it must make an- 
other corrective movement back to 0”. 
Now if instead of moving from O” to 
C” the valve could stop at N, and if this 
movement could be started before tem- 
perature reaches the normal, instead of 
waiting until it had reached some point 
above the normal, the system would be 
capable of stable control. These re- 
quirements are fully met by three- 
position control. 


Multi-position Control 


The term multi-position control is 
used to describe a system in which the 
controller has a choice of a number of 
positions or rates of heat supply, 40 to 
50, between fully open and fully closed. 
It may stop on any of these positions 
for as long as required. Each valve 
position corresponds to a certain num- 
ber of degrees of deviation as registered 
by the pyrometer, and full valve move- 
ment is made within a “throttling range” 
of plus or minus four or five per cent of 
the instrument scale range as may be set 
up manually. By this system, the valve 
will be caused to move incrementally 
from its normal position by an amount 
exactly proportional to the deviation 
above or below the temperature holding 
point. Fig. 3 is a schematic wiring dia- 
gram of the ATC Relatrol, a multi- 
position control system. There are also 
other systems available which provide a 
similar valve movement. 

Referring to Fig. 3, the basic prin- 
ciple of this circuit is the Wheatstone 
bridge, together with an automatic motor 
control arrangement for keeping the 
bridge in balance. The bridge, ABCDA, 
is energized through a transformer from 
the main power supply. A part of this 
bridge, represented by the slide wire 
AB and the movable contact arm E£, are 
located in the measuring instrument. The 
position of the arm shown in solid lines 
coincides with the normal temperature 
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holding point and movement toward the 
low or high is in synchronism with tem- 
perature deviation. Points A and B are 
the limits of the throttling range. The 
bridge circuit is wired through the relay 
to a similar slide wire CD and contact 
arm F located in the motor mechanism. 
When the contact arms are as shown 
by the solid lines or in positions repre- 
senting similar angular deviations, as 
shown by the dotted lines, the bridge is 
in balance, no current flows from E to F 
through coils CC’ and the motor and 
valve are stationary because neither con- 
tact X or X’ is made. Now when con- 
tact arm E is caused to deviate from any 
such balanced position because of a 
change in temperature, contact X or X’ 
is made, depending on the direction of 
the deviation and the motor, valve and 
contact arm F are caused to move to a 
new position where arm F will have the 
same angular deviation from the normal 
position as is now occupied by arm E. 
The bridge is again balanced and mo- 
tion stops. 

Thus it will be seen that for every 
degree of temperature and every conse- 
quent angular position of arm E, there 
is a definite valve position and hence, 
definite rate of heat supply. At C the 
valve is at its minimum and at D it is 
at its maximum opening. Rapid changes 
of considerable magnitude in heat sup- 
ply, which are inherent and continuous 
in two-position control and which take 
place in a less degree in three-position 
control, are avoided, except when tem- 
peratures change rapidly and over a 
wide range. 

It will be evident from a study of 
Fig. 3 that if a sustained change in 
loading occurs, the system just described 
cannot balance out at the same helding 
temperature. Since there is only one 
possible valve position and only one 
rate of heat supply available at that 
temperature, it is evident that no change 
in heat supply rate, such as would be 
called for by a sustained change in load- 
ing, can be made available unless some 
provision is made, either manual or 
automatic, to change the relative bridge 
resistance values. 

To provide for this “load compensa- 
tion,” hand-operated or motor-operated 
theostats can be wired into the bridge 
circuit in such a way that the position 
of the valve, corresponding to each de- 
gree of deviation, can be shifted toward 
the open or closed position by amounts 
corresponding to the change in loading. 


Choosing the Right Equipment 


Two-position control, the simplest and 
the crudest system, can be counted to 
give some degree of regulation to any 
application. In very many cases, it may 
be good enough to satisfy the require- 
ments. The accuracy of control it would 
provide on a given job depends on fac- 
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Automatic Temperature Control Co., Leeds & Northrup, and Brown Instrument Co. Div. of M-H Co. 


Fig. 6—Three types of multi-position controllers with relays 


tors affecting lag and on variations in 
heat demand. In Fig. 4 are reproduced 
actual temperature charts from a large 
two-zoned continuous furnace. Line “a” 
shows two-position control at the inlet 
end and line “b” is three-position con- 
trol on the outlet end. Line “a” shows 
a plus or minus variation of about 10 
deg. While the addition of a third posi- 
tion reduced the plus or minus variation 
to about 1 deg., with similar conditions 
on both ends. 

In Fig. 5 are shown two lines from 
another type of continuous furnace hav- 
ing a single zone. This furnace is much 
smaller than the one just referred to 
and much harder to control. Although a 
continuous furnace, it is operated like a 
batch furnace with relatively long in- 
tervals between the entry of fresh loads. 
Line “c” was taken with two-position 
control and shows a plus or minus varia- 
tion of about 15 deg. This is a much 
poorer line than “a” but the furnace 
design and the operating conditions pre- 
cluded a closed control. By substituting 
a multi-position controller having load 


compensation, the line shown at “d” 
was obtained. The points marked “X” 
are those at which the finished charge 
was replaced by a cold charge. Three 
position control would have shown a 


“ 


better line than “c” 
as “d”. 

It does not follow, however, that the 
substitution of a more competent con- 
trol for the two-position system will al- 
ways be justified. There are situations 
where the fluctuations in demand are so 
wide and frequent that there is not time 
to come to a balance and two-position. 
with its continuous and rapid overcor- 
rection, will give as good results as any 
other system. 

It is not the intent to point the con- 
clusion that satisfactory choice of equip- 
ment can only be made with the advice 
of an experienced control engineer. 
Rather the effort has been to point out 
the salient features of any application 
which both the equipment manufacturer 
and the prospective user must take into 
account when recommending and select- 
ing a control system. 
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Modern Designs 


* 


Castings Simplify Pump Construction 





Two east iron pieces, with bolted-on 
cast covers providing immediate ac- 
cess to all working parts, make up the 


frame of this Fairbanks-Morse heavy 
duty power pump. Main gear, crank- 


shaft and connecting rods are of cast 
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steel. Pump operates at pressures up to 
1,000 lb. per sq. in. with 187 gal. per 
min. delivery. 
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Removable cylinder 


O71 


reservoir 





liner 


Lubrication of drive gears, connecting 
rods and connecting rod slides is by 
a splash system with the reservoir in the 
cast end frame. Cylinder liners of 
bronze or of special material are re- 


movable, and may be varied in thickness 
to permit pump to be used for other 
services by changing piston diameter. 
Tapered vaive seats of bronze are driven 
in and are of sufficient depth to allow 


Cy/inder access 
plate 


long guide ways. Bronze springs hold 
the valves closed and each of the eight 
valve assemblies is accessible through 
an individual cover plate. Separate pots 
for each valve aid servicing. 


PropuctT ENGINEERING 








for 
ally 


Th 
are 


thi 
ope 
a h 
lun 
col 
bet 
ref 
vid 
bot 
Op 
low 
ers 
ref] 
sib: 
fail 
lan 
the 


aut 






































‘Orkdeflecting : “Main geor 
metal washer keyed to hub 








Drive gears have double helical teeth keyed to a large-diameter disk which is forged integral with pinion shaft. Bear- 


for smooth running. Main gear is virtu- an integral part of the crankshaft. This ing seals with oil deflector washers pre- 
ally a rim containing the gear teeth facilitates removal of the gear. Pinion is vent oil entering bearing inclosures. 








— as 





Two types of seal can be used on the 
pistons in the fluid end of the pump: 
five layers of medium hard hydraulic 
duck packing for general service, or 


to snap ring metal packing for petroleum 
er service. Piston bodies, fitted to the rods 


on a taper, are secured by a nut and 
lock nut. Packing can be tightened by 
pulling up lock nuts on the piston rods. 














Three 150-200 watt lamps, which 
are angularly spaced at 120 deg. about 
a central mercury lamp of 400 watts in 
this dome lighting unit, newly devel- 
oped by Benjamin Electric Co., produce 
a blended light in all directions. The il- 
lumination is thereby more uniform in 
color over the entire area and permits 
better color discrimination. Ventilated 
reflector of porcelain enamel steel pro- 
vides a wide distribution of light on 
both horizontal and _ vertical centers. 
“g Opal glass cylinder, surrounding the 
lower portion of the mercury lamp, low- 
ers the normal 78 deg. cut-off of the 
reflector to 61 deg., minimizing the pos- 
old sibility of direct glare. When current 
. fails momentarily, the incandescent 








ht ‘ re 
hs lamps supply standby illumination for 
es the short interval necessary to cool and 


automatically restart the mercury lamp. 
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Modern Designs—Redesign of Oliver United Filter 


To eliminate bearing deflection 
and misalignment caused by deflection, 
previous designs carried the bearings 
for the main drive on separate pedestals 
which were costly, difficult to make of 
pleasing apearance, and necessitated ex- 
pensive shipping skids for set-up units. 
In the new development, the bearing pe- 
destals are designed as a single beam 
extending across the entire width of the 
tank head, and the former welded struc- 
tural assembly is replaced by masked, 
boxed-in members with equal or greater 
strength and better appearance. The pe- 
destal support for the main bearing has 
sufficient depth and rigidity to allow at- 
tachment to the tank heads without 
danger of bearing deflection. The bear- 
ing pedestal and tank head plates have 
curved outlines so that the tank shape 
is carried down and blended into a suit- 
able supporting base, thus avoiding a 
top heavy appearance. 

The intermediate gear reduction as- 
sembly is incorporated as a unit in the 
main drive case, being placed above the 
main spur gear and on the vertical cen- 
terline of the case because of space 
limitations. This avoided right- and left- 
hand housings and secured a symmet- 
rical design. The drive shaft of the in- 
termediate gear reduction is located so 
that the various types of standard vari- 
able speed transmissions can be con- 
nected to it without modification or relo- 
cation of the unit itself. 

Aluminum alloys are used for the 
bevel and roll gear housing in the cover 
of the intermediate gear unit to reduce 
weight. Lubrication of the entire gear 
and gearing assembly is by a flood oiling 
system, consisting of oil sump, strainer, 
pump and pressure gage. 





Medernized appearance without 
sacrifice of strength or functional re. 
quirements has been stressed in the re- 
design of the Oliver vacuum filter for 
use in paper mills. Standardization of 
parts was essential to insure satisfactory 
replacement and low manufacturing 
cost. 

Late developments in the paper indus. 
try require drum speeds as high as 9 
r.p.m. At drum speeds exceeding 5 
r.p.m. triple and quadruple pitch worms 
were not_ particularly satisfactory; 
hence, in the redesign, spur gears were 
chosen for the major reduction, and 
helical gears for the intermediate. 

Drive to the roll which discharges the 
filter cake or sheet, is through a 
sprocket type pinion meshing with the 
main spur gear, replacing chain drive 
and chain guards. This power take-off is 
coupled to the input shaft of the roll 
gear housing by bevel gears. 
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All welded steel frame with inte- 
gral pump and motor base, instantane- 
ous control of ram motion and provision 
for changing to a larger size pump and 
motor drive are features of the new 
200-ton gooseneck straightening press 
designed and manufactured by the Oil- 
gear Co. Fluid pressure up to 2,500 Ib. 
per sq.in. is supplied by a “two-way” va- 
riable displacement pump driven by a 
15 hp. direct-connected motor. Ground 
and polished press ram is fitted with 
molded packing and guided in a yoke 
liner and long bronze bushings. A hat- 
type steel cylinder with closely fitted 
ring-type piston is flanged to the top of 
the press. Two seamless steel tubes, 
brazed to flanged pipe joints, connect 
the pump and the cylinder; no control 
valve is required. 

Vertical control rod is connected di- 
rectly to the foot pedal through a suit- 
able link. while the hand lever is con- 
nected to the same vertical control rod 
through a welded gear segment, a gear 
on the horizontal shaft and a lever on 
the horizontal shaft. Depressing the 
hand lever or foot pedal causes ram to 
move down at a speed dependent on the 
amount of movement of the control. 
With the control lever at its maximum 
position to one side of neutral, the press 
ram moves at full speed in one direc- 
tion; at any lesser position, the speed is 
reduced proportionately. The vertical 
control rod is spring loaded; thus re- 
lease of the foot pedal or hand lever 
causes the rod to move downward. This 
reverses pump lever and raises ram. 


Welded Construction in Oilgear Press 
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Fall tonnage js available at all speeds, 
and the power required is always in pro- 
portion to the resistance met. No oil is 
delivered by the pump when the press 


















Motor contro/ 


Adjustable 
collars 
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Pump drive 
motor 


Welded stee/ frame 
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for pump and motor 
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ram is idle. Collars on the control rod 
limit the maximum ram stroke and can 
be pre-set for shorter repetitive strokes 
of the ram. 





Tilting Arbor Saw Has 
Geared Motor Drive 


Tilting saw blades in the new saw by 
Walker-Turner Company make possible 
whole angle cuts from 90 deg. to 45 
deg., with work always in_ horizontal 
position. Geared motor drive eliminates 
belt and pulleys, and insures higher cut- 
ting efficiency. Four SKF ball bearings 
are used in this unit, one located at each 
end of the rotor shaft, and two carrying 
the saw spindle. Tilting control shaft 
turns on self-aligning ball bearings. 
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Modern Designs—Four Motored Crane Truck 


Individual or simultaneous opera- 
tion of drive, slew, hoist and boom is 
possible in this Yale K-42 heavy duty 
crane truck, built by the Yale and 
Towne Manufacturing Co. with separate 
and independent motors, controls and 
mechanical units for operating flexibil- 
ity. Simplified design with pushbutton 
contactor control, four wheel steering, 
unobstructed vision, and _ interlocking 
2-drum drive controller provides maneu- 
verability with safety. Truck can be 
equipped with a rigid or a telescopic 
boom. Crane is of deep section, made 
of heavy rolled plate and bar steel elec- 
trically welded into a unit structure. 
Side chassis bumpers of deep section 
construction protect all mechanism and 
safeguard truck operator. Hoisting and 
booming units have triple reduction 
drop-forged heat-treated chrome nickel 
spur gears, running in oil, and with 
shafts mounted on ball bearings. 



















Horrzontal 
wheel steer 


Horn 


Main drive controller jis of the 
Yale mechanical contactor type with 
magnetic blowout. Separate and inde- 
pendent directional drum is interlocked 
to confine starting to first speed. Con- 





Safety Jamp 


Hoisting ond 
booming controls 


Horn button 


Slewing 
contro/ 


Direction 
control 


Speed 


contro/ 


troller is connected with brake pedal so 
that power is disconnected when brake 
is applied. Contactors for all speeds are 
positive mechanical cam operated for in- 
stantaneous interruption of current. 





Portable Grinder Has 
Reciprocating Spindle 


Portable profile grinder eliminates 
hand stoning in the fitting of dies and 
punches, and accurately finishes tem- 
plates, cams and special shapes. Manu- 
factured by the Boyar-Schultz Corp., this 
bench model tool has a reciprocating 
spindle revolving at approximately 20,- 
000 r.p.m. belt driven by a 14 hp. motor 
running at 3,600 r.p.m. The work table 
is equipped with an elevating adjust- 
ment of 1%4 in. and tilts 5 deg. The 
machine is enclosed in a ventilated, cast- 
aluminum housing. 
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Reo Streamlined Motor Coach 


Better weight distribution, _in- 
creased structural strength and light 
weight are features of this streamlined 
motor coach design by H. A. Flogaus, 
chief engineer of the Reo Motor Com- 
pany. Improved weight distribution has 
been obtained by placing the front axle 
at the extreme front end with the door 
behind the front wheel. It is claimed 
that with a full-standee load, each of the 
six tires carries exactly the same weight. 
This results in minimum tire wear, 
longer mechanical life, more powerful 
braking action and better riding comfort. 
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Engine and transmission are 
mounted as a unit on five rubber shear 
blocks. Heavy duty aluminum pistons, 
seven-bearing crankshaft and propeller 
shaft driving through needle-bearing 
universal joints are features of the Reo 
L-head engine. The rear axle has a 
spiral bevel drive of the full-floating 
type, using alloy steel tubes pressed into 
malleable iron center housing. Springs 
are of chrome vanadium steel. 

Weight has been decreased by replac- 
ing the conventional type channels with 
longitudinal steel tubes, with the rear 
header formed of aluminum. The panel- 
ing throughout is also aluminum. Colli- 
sion impact is absorbed by the 3%% in. 
tubular members extending fore and aft 
from the understructure. The engine is 
installed in a reinforced shock-resisting 
framework. Double body struts reinforce 
the door openings. 





Forgings Reduce Costs, 
Simplify Installation 


Forged parts, fused by electric weld- 
ing, simplify installation and reduce cost 
in this product application. Former in- 
stallation required a casting which had 
to be cut in two in the field for installa- 
tion, then welded. Modern fabrication, 
in two forged parts ready for installation 
and welding, reduces manufacturing 
costs 14 cents per lb. and eliminates test- 
ing at the factory. Process utilizes Lin- 
coln Electric Company _ shielded-arc 
equipment. 
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Modern Designs 





Plastic molded—the housing of the 
latest L. C. Smith-Corona adding ma- 
chine has advantages of light weight, 
sound-deadening qualities and corrosion- 
resistant finish. Molded of special Durez 
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ici a 
phenolic resin of exceptional strength 
and toughness. It is reported that this 
is the first of a number of typewriter 
and adding machines with molded plas- 
tic housings to be marketed this year. 


Automatie wire stripper is pro- 
vided with a lever which prevents the 
return of the arm until the wire has 


been removed; this avoids crushing of 


stranded wire. An extra squeeze on the 
handle pushes a trigger which snaps the 


lever up out of the way. Designed by 


the Ideal Commutator Dresser Company. 





Twenty thousand r.p.m. grinding 
wheel operating speed is the feature of 
the Dumore Type 38 alloy grinder for 
grinding non-precious chrome alloys. 
This dental tool has a 1/5 hp. universal 





RANDOM JOTTINGS ABOUT 
NEW DEVELOPMENTS 


Two 150-watt G-E strip heaters, 
closely fitted to the crankcase and cov. 
ered with a sheet of asbestos, aid win- 
ter starting of an airplane belonging to 
research engineers associated with the 
Minneapolis-Moline Power Implement 
Company. Before starting, the strip 
heaters are connected with the hangar 
power supply and in a short time the 
engine oil reaches a temperature that 
insures safe and easy starting. 

e 

A new, compact combustible gas in- 
dicator has been developed by the Davis 
Emergency Equipment Co., to test the 
inflammability of the atmosphere in oil 
tanks, manholes and like places. Sam- 
pling hose on the device is made of oil- 
proof Thiokol synthetic rubber. 

w 

Recently purchased passenger cars on 
the Missouri-Kansas-Texas Railroad, de- 
signed and built by the American Car 
and Foundry Co., have modern styling 


throughout. Dining car floors are 
heavily carpeted over sponge-rubber pads. 
o 


Self-feeding, self-ejecting office dupli- 
cator manufactured by Ditto, Inc., has 
a newly designed stationary-type feed 
unit, which is claimed to assure fast 
feeding and accurate registration. Re- 
productions in one or all of five colors 
are made in one operation. 


motor with a dynamically balanced 
armature, a built-in work light, a hand 
brake for quick wheel changes, an ad- 
justable safety glass eye shield, and a 
crackle finish for pleasing appearance. 
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NEW ALLOYS FOR SPRINGS 


Possess Opportunities for Product Improvement 


Non-ferrous alloys that are heat-treated in two steps. 


ROBERT W. CARSON 


Instrument Specialties Company 


Soft and 


ductile after first heat-treatment, wires can be drawn to spring 


temper or strip can be rolled hard. 


Second heat-treatment 


develops further desirable properties 


tion hardened spring alloys come 

much closer to meeting require- 
ments for a perfect spring alloy than do 
many of the usual spring materials. Con- 
ventional alloys are satisfactory for many 
purposes but each material imposes quite 
definite restrictions on design. Steel 
usually requires protection from rusting, 
it is also magnetic; bronze has relatively 
low strength and low fatigue resistance. 
Non-ferrous alloys usually require severe 
cold working to obtain good spring prop- 
erties, and the hardness which is desir- 
able for strength often makes forming, 
bending or drawing difficult. The new 
non-ferrous heat-treatable alloys, how- 
ever, can be completely and_ easily 
formed to intricate shapes while in a 
relatively soft state, after which they can 
be hardened and strengthened by a sim- 
ple heat-treatment. 

Quite contrary to common belief, there 
are a wide variety of heat-treatable pre- 
cipitation-hardened non-ferrous alloys. 
Not all of them are suitable for springs. 
The list includes: Aluminum, cobalt, 
copper, gold, lead, magnesium, nickel, 
platinum, silver, tin and zinc. These 
metals, when alloyed with a small amount 
(usually less than 4 per cent) of some 
other metal, show increases of 10 to 100 
per cent or more in tensile strength, 
hardness, endurance and other properties 
after a simple heat-treatment. 

In each of these the precipitation- 
hardening effect arises from the fact that 
the added alloy forms a hard compound 
with the base metal and has a high solu- 
bility in the base metal at high tempera- 
tures. The heat-treating process is basi- 
cally the same for all of these alloys, 
and involves two steps. During the first 
or “solution” heat-treatment, the alloy 
is held at a relatively high temperature 
until the hard compound is completely 
dissolved in the base metal. Then, a 
rapid quench cools the material so 
quickly that the portion which is in- 
soluble at room temperature has no 
chance to separate. But a second, or 


Gin recently developed precipita- 
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“precipitation” heat-treatment carried out 
at moderate temperature allows the finely 
dispersed insoluble hard particles to 
coalesce or combine to form larger hard 
particles. As these particles, still sub- 
microscopic, increase in size the hard- 
ness and strength of the material in- 
creases to a maximum value. Continued 
heating usually brings about a decrease 
in hardness. 

Between the two heat-treatments, these 
alloys can be cold worked to obtain still 
higher strength and hardness. As it 
comes from the first heat-treatment, the 
alloy is soft, ductile and easily formed; 
it handles much like an ordinary alloy 
that has been annealed, and is in a 
condition favorable for extensive form- 
ing, bending, drawing or punching op- 
erations. Wire can be drawn to spring 
temper, flat strip can be rolled hard. 
and yet the material will still respond 
to the second heat-treatment. 

Three of these precipitation hardened 
alloys are exceptionally good spring 
materials; Beryllium copper, “K” Monel 
and “Z” nickel. All are commercially 
available and have been in use long 
enough to establish their individual fields 
of application. 


Hardenable Copper 


First of these alloys to be made avail- 
able was beryllium copper, announced in 
1932 (in Product Engineering). From 
2 to 2% per cent beryllium is added to 
pure copper to form the alloy. For the 


first or solution heat-treatment the alloy 
is quenched from 1475 deg. F. resulting 
in a soft, ductile material similar to an- 
nealed phosphor bronze. For spring 
application the metal is then cold worked 
to increase its final properties, and sup- 
plied ready for fabrication of the springs. 

During the final heat-treatment. both 
the strength and the hardness increase. 
Spring temper wire having a _ tensile 
strength of about 110,000 lb. per sq. in 
before final heat-treatment will show a 
breaking strength as high as 280,000 
lb. per sq. in. after heating. Other 
properties change also. Hardness _in- 
creases to as high as 365 Brinell: en- 
durance strength reaches 40,000 lb. per 
sq. in. or higher; ductility decreases 
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1*/,| 


Corrosion-resistant springs of beryllium 
copper are cold worked to improve physi- 
cal properties before forming 
















TABLE I — PHYSICAL CONSTANTS 


PENT e TT eee 
Coefficient of linear expansion 
Thermal conductivity B.t.u./sq. ft./hr 


Magnetic at room temperature 


Electrical conductivity per cent of copper. . 


Beryllium 
Copper “K” Monel “Z” Nickel 
‘ae 8.2 8.6 8.75 
soe 17 x 107% iene 72x" 
ek eed 66 to 89 180 120 
wie 18 to 35 3 11 
ee No No Yes 
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Close tolerances and minimum drift or 
creep under load are also obtainable in 
small springs made of beryllium copper 


until the material breaks with a brittle 
fracture; electrical and thermal con- 
ductivity increase as much as 100 per 
cent; the elastic modulus becomes 15 
to 20 per cent higher. 

But heat-treating operations must be 
carefully controlled to obtain the de- 
sired improvement in properties. Too 
high a temperature or too long a time 
may over-heat the alloy and result in a 
softened material that has poor spring 
properties. However, overheating tends 
to increase the ductility, electrical and 
thermal conductivity, which may some- 
times be desirable. Under heat-treating 
may be used conveniently to obtain in- 
termediate values of hardness and 
ductility where some sacrifice in maxi- 
mum strength is permissible. 


Controlling Physicals 


Not all of these changes take place 
concurrently during final heat-treatment. 
The material reaches a condition of 
maximum strength and hardness before 
the electrical conductivity and the elastic 
modulus reaches a maximum. The point 
of minimum ductility is usually reached 
before the material becomes full hard. 
But because all of these changes take 
place slowly, the process can be easily 
stopped at the point giving the desired 
combination of properties. 

The change in stiffness, for example. 
may be used to obtain an “adjustment” 
of the deflection rate. Because of this 
unusual property of beryllium copper, 
springs can be made to exceptionally 
close tolerances in deflection rate. Load 
tolerances as small as 1 per cent are 
obtainable, a valuable feature in applica- 
tions where it is necessary to “calibrate” 
the spring after assembly. By holding 
the springs to such close tolerances, it is 
possible in some final assembly opera- 
tions to entirely eliminate selection or 
individual corrections with a consequent 
saving in cost that may pay for the 
spring many times over. 

While at the heat-treating temperature, 








TABLE II — PHYSICAL PROPERTIES OF WIRE 


Cold drawn to spring temper and heat-treated 


Tensile Strength. . . 
lb. per sq. in.... 


Plompetion............... res) 
a 


Endurance Limit 
i. ee BG. WM... ...- 


Proportional Limit ... . 
in Torsion... . 


Elastic Modulus 
in torsion...... 
(x 1,000,000) 


Beryllium 
Copper “K” Monel “Z” Nickel 
ie 180,000 170,000 200,000 


to 220,000 to 200,000 to 250,000 


2 8 10 
to 1 to 3 to 5 

beets 10,000 50,000 
aes! 70,000 85,000 
100,000 to 85,000 to 100,000 
Be ave ye os 1] 





TABLE Ill — PHYSICAL PROPERTIES OF STRIP 


Cold worked to spring temper and heat-treated 


| See ane ee te na 


lb. per sq. in..... 


Hardness......... 


Elongation 


MINN MRD RN 5 058 ia ios, fa le win jo a pa'yarvager a diate 
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Elastic Modulus 
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(x 1,000,000) 


Beryllium 
Copper “K’” Monel “Z’ Nickel 
dios 170,000 180,000 
écrit 195,000 to 200,000 = to 230,000 
glint 365 33 to 40 36 to’ 
Brinell Rockwell C Rockwell 
2 10 to 2 15 to5 
s, oie 130,000 140,000 
aoe: 135,000 to 150,000 to 180,000 
veut 15,000 50,000 
has ole 19 26 30 





TABLE IV — TYPICAL RESULTS OF 


HEAT-TREATMENT ON SPRING 


TEMPER STRIP 


* Beryllium 


Copper “K’”? Monel “Z” Nickel 

Tensile strength 

_ | AEE ener 120,000 165,000 190,000 

| OS eee ee 195 , 000 200 , 000 230,000 
Hardness 

before.................. 220 Brinnell 32 Rockwell C 40 Rockwell C 

EAS, 5... woth teat as 365 Brinnell 40 Rockwell C 46 Rockwell C 
Elongation 

ee eee err 4.3 2 2 

~ Se eeeS 2 5 
Tension modulus 

_ | a aeeeeree ic 26 30 

Se auc 2 we nccisineaiys 19 26 30 
Hardening.................. 550 to 625 def. F. 980 to 1000 deg. F. 890 to 910 deg. F. 


Heat-treatment......... 


* 2% per cent. 


for 3 to 1} hr. 


for 8 to 12 hr. 
Furnace cool 25 
deg. per hr. to 
800 deg. F. 


for 4 to 6 hr. 
Furnace cool at 
any desired rate. 








beryllium copper has relatively low 
strength and parts may deform while 
being heated. By nesting flat springs 
and supporting coil springs, undesirable 
changes usually may be avoided. Be- 


cause of the low ductility after harden- 
ing, corrections cannot be made on com- 
pleted springs without damaging the 
material. 

In beryllium copper, and to a degree 
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in other precipitation hardened alloys, 
the final heat-treatment greatly reduces 
creep or drift effects common to usual 
spring materials. This effect is most 
noticeable in springs subjected to a con- 
stant load, the steady load deflection in- 
creasing with time. Ordinarily a small 
change in deflection may not be of sig- 
nificance but there are applications where 
this drift is an unsuspected source of dif- 
ficulty. Where minimum creep or drift 
is desired, a special heat-treating process 
for these precipitation hardening alloys 
can be used to almost eliminate such 
changes. 


Hardenable Nickel Alloys 


Nickel-base alloys such as “K” Monel 
and “Z” nickel have excellent resistance 
to heat and to many corrosive conditions 
that would rapidly attack other spring 
materials. Higher melting points and 
higher final heat-treating temperatures 
are indicative of their superior resistance 
to heat. 

Heat-treatable properties are obtained 
in “K” Monel by the addition of 2 to 4 
per cent aluminum to ordinary Monel 
metal, as explained in “New Design 
Data on Cu-Al-Ni-Alloy” in Product 
Engineering, July, 1937. The initial heat- 
treatment, usually performed at the mill, 
is given at 1400 to 1450 deg. F., fol- 
lowed by a rapid quench. After cold 
working to spring temper the material 
is ready for forming to the desired shape. 
For the final or hardening heat-treatment 
it is held at 980 to 1,000 deg. F. for 8 
to 12 hours (overnight usually), followed 
by furnace cooling at 25 deg. F. per hour 
until a temperature of 800 deg. F. is 
reached. From this temperature on 
down the material may be cooled as 
rapidly as desired. After such treatment 
“K” Monel, even when subjected continu- 
ously to temperatures as high as 400 
deg. F., does not undergo appreciable 
permanent change in properties. 

Final heat-treatment appreciably in- 
creases the tensile strength of “K” 
Monel. Spring temper wire, for example, 
will have a tensile strength of 200,000 Ib. 
per sq. in. as compared with 165,000 Ib. 
per sq. in. before heating. Hardness also 
increases. Strip with a Rockwell C hard- 
ness of 32 before heating will show a 
final hardness of 38. Ductility in spring 
temper stock is not reduced by the hard- 
ening treatment, nor does the hardening 
cause any significant change in the 
elastic modulus, electrical conductivity or 
magnetic permeability. 

In contrast with most other precipita- 
tion-hardening alloys, spring temper 
“Z” nickel undergoes an appreciable in- 
crease in ductility during final heat-treat- 
ment. Because of this factor, the alloy 
is in a condition favorable for forming 
or fabrication after final heating as well 
as before, and is frequently supplied in 
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the completely heat-treated condition. 
The tensile strength is from 200,000 to 
250,000 Ib. per sq. in., depending on the 
size and also the amount of previous 
cold work. Rockwell C hardness of strip 
stock reaches a value as high as 46; 
the maximum yield stress is as high as 
180,000 lb. per sq. in., yet the ductility 
may be from 10 to 15 per cent. The 
elastic modulus is approximately the 
same as for steel, and the material has 
the same magnetic properties as pure 
nickel. The composition is approxi- 
mately 98 per cent nickel. 

Beryllium copper has good corrosion 
resistance to outdoor and marine ex- 
posure, excellent formability before final 
heat-treatment, and exceptionally high 
strength. It is non-magnetic, has high 
endurance strength, and an_ elastic 
modulus midway between bronze and 
Monel. Electrical and thermal conduc- 
tivity are both higher than for any other 
material of equal strength. Each of these 
three alloys possesses unusual and desir- 
able combinations of properties for 
spring applications. 

“K” Monel combines high strength, re- 
sistance to many chemicals and heat, and 
is non-magnetic. Its coefficient of expan- 
sion, thermal and electrical conductivity 
are nearly the same as for steel. 

“Z” nickel has essentially the same 
properties as cold worked nickel except 
for the much higher strength, hardness 
and ductility. It has the highest ductility 
and impact strength of the three ma- 
terials. The elastic modulus is about the 
same as for steel; electrical and thermal 
conductivity are intermediate between 
“K” Monel and beryllium copper. It is 
magnetic, of course. 


Other Non-Ferrous Alloys 


Being relatively new alloys, current 
material costs for these three spring 
materials will no doubt be decreased as 
the applications grow and tonnage in- 
creases. Beryllium copper has the higher 
base price of the three because of the 
relatively high cost of beryllium and the 
alloying technique required. Current 
prices for spring temper “K” Monel and 
“Z” nickel are about 20 to 30 per cent 
higher than for the base metal in similar 
forms. For springs of beryllium copper 
and “K” Monel, costs are increased by 
the necessity for a final heat-treatment. 
But measured in terms of performance 
these new combinations of spring prop- 
erties can improve products, make them 
last longer, or reduce maintenance costs, 
so that the small increase in material cost 
may bring returns many times greater 
than the cost of the spring. 

Although these three alloys meet usual 
requirements for better springs, there 
are a number of other heat-treatable 
non-ferrous alloys that have interesting 
possibilities. Duralumin, of course, is 
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one of the best known, and although it 
has relatively low strength its light 
weight may offer an advantage in some 
applications. Magnesium copper is an- 
other light weight heat-treatable alloy. 

One of the earlier heat-treatable 
bronzes was the copper-nickel silicon 
alloy having properties about midway 
between phosphor bronze and beryllium 
copper. A number of gold, silver and 
platinum alloys are now available in 
heat-treatable form for special applica- 
tions requiring maximum resistance to 
corrosion or oxidation, or that require 
better electrical contact properties. A 
heat-treatable Elinvar alloy having negli- 
gible change in elastic modulus with 
temperature has also been developed for 
spring purposes. Invar alloys with 
beryllium added to give response to 
heat-treatment have been produced ex- 
perimentally. An exceptionally good 
combination of high strength and elec- 
trical conductivity is being obtained in 
experimental work with a heat-treatable 
alloy of copper, cobalt and beryllium. 
A nickel beryllium alloy combining un- 
usually high ductility and strength may 
soon be available. 


Product Improvements 


In fact, this field of heat-treatable non- 
ferrous alloys offers a wide variety of 
product-improvement opportunities, not 
only for springs but for other applica- 
tions where better corrosion resistance, 
higher thermal and electrical conduc- 
tivity, non-magnetic properties and 
higher strength are needed to make 
products perform better. 
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Springs for instruments where low drift 
properties are essential can be formed of 
“Z” nickel wire even after hardening heat- 
treatment 
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DIE FORGED PARTS 


Designs of unusual proportions and intricate shapes 


WALDEMAR NAUJOKS 


Chief Engineer, The Steel Improvement & Forge Company 


Examples that illustrate some of the liberties that can be taken 


in the design of parts to be die forged on a production basis 


HENEVER a difficult problem 
W: encountered and a solution 
does not seem to be near at 
hand, it has been found generally that 
when the fundamentals in the particu- 
lar case are carefully reveiwed, the 
solution to the problem is obtained 
more easily. Even the most complex 
problems have as their basis only a few 
fundamental or basic principles which 
must be considered to obtain suitable 
results. But once the primary concepts 
have been familiarized thoroughly, many 
liberties can be taken to produce die 
forgings on a production basis, these 
including drop forgings, upset forgings, 
press forgings, and a combination of 
two or more of these methods. 
Several such fundamental rules gov- 
ern the design of die forgings, particu- 
larly when they are to be produced 
under the drop hammer as drop forg- 
ings. One rule is that drop forgings 
require a suitable amount of draft so 
that they can be removed from the 
forging dies. A draft angle of 7 deg. 
for each side of the dies is usually con- 
sidered as standard. Modern forging 
practice and better die steels have made 
it practical to make the draft angle in 
many cases less than 7 deg., but funda- 
mentally a certain amount of draft is 
required. 
The second rule is that all drop forg- 


ings require suitable radii and fillets 
to permit the proper flow of the plastic 
metal during the forging operations. 
These fillets and radii should be as 
generous as the design will permit but 
certain minimum requirements, depend- 
ing upon the size and shape of the 
piece, must be met. The third general 
rule is that deep pockets must be 
avoided since deep pockets tend to re- 
duce die life, create the possibility of 
points of stress concentration, and in- 
crease cleaning costs. Frequently, il- 
lustrations are given to show the dis- 
torted fibre structure produced by the 
lack of draft angles, deep pockets, and 
sharp corners and fillets. 


Design Considerations 


The strict observance of the funda- 
mental rules of forging practice will 
result in a fairly substantial, well pro- 
portioned drop forging which can be 
readily forged at a minimum cost. 
However, the strict observance of all 
of the general and fundamental precau- 
tions tends toward forgings of consid- 
erable bulk because an excess of metal 
may be required if the cost of forging 
is to be reduced to a minimum. To 
machine off this excess metal might 
cost more than the forging economies 
attained. Also in removing the excess 
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Fig. 1—The dotted lines indicate the finished surface. In the design 
at B, the larger fillet radius improved the forging conditions but 
subsequent machining will cut many fibers and thus weaken the part 


metal, the fibre structure of the forging 
might be cut in such a manner that 
much of the strength which continuous 
fibres impart to the piece has been de- 
stroyed, as illustrated in Fig. 1. Thus, 
a forging that is designed solely to suit 
the needs of the forge shop in order 
to forge the piece as cheaply as _pos- 
sible may be entirely unsuitable for the 
ultimate purpose of the part. The ad- 





Fig. 2—A yoke end with bosses at one end 
and a thin tube section at the other end, 


produced in a locked die 


Fig. 3—A 17 Ib. alloy steel forged double- 
end crank with counterweight at the mid- 
section forged integral 
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ditional machining operations will not 
only increase the cost but might also 
remove much of the essential strength. 
Another forging specifically designed to 
suit the purpose for which it is to be 
used might have a first higher forging 
cost but lower finished cost. 

The art of die forging has advanced 
tremendously in recent years and 
forged shapes of a much wider range 
are obtainable. Today there are many 
applications where forgings can be used 
to advantage that were not possible in 
the past. 


While many of the so-called “intri- 


cate” forgings have a higher first cost, 
they often reduce or even eliminate 
many of the finishing operations so that 
the finished part is produced at no 
greater cost and frequently at a lesser 
cost than when produced by some other 
method. And by careful design in co- 
operation with the forge shop, the part 





Fig. 4—A thin base and heavy stem with 
7 deg. draft allows metal flow to fill die 


cavity before base cools 





Fig. 5—An example of a part forged in 
locked dies, a four-pronged yoke with 
reinforcing ribs 
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can be shaped and arranged so that 
in the machining operations the fibres 
will not be cut through and _ thereby 
weaken the part. 


Forging Dies 


Die forgings produced on a_produc- 


tion basis may range from a_ rough 
liberally toleranced forging which re- 
quires only strength and has no need 
for tolerances or surface conditions, to 
a closely toleranced forging where 
smooth surfaces, minimum variation in 
weight and dimensions, and a close 
hardness range is required. Tolerances 
and surface conditions on die forgings 
may be likened to the various conditions 
obtained in machine work—from the 
rough machined job to the closely tol- 
eranced and polished ground part. In 
general, the designer is not concerned 
with the problems and methods of pro- 





Fig. 6—Handhole cover plate forged with- 
out draft and threaded without preliminary 


stem machining 





Fig. 7—Cup shaped forging with ears. 
Shapes of this type can be made in any 
forgeable metal 
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duction forging practice except such 
knowledge as may enable him to design 
a more economical part without affect- 
ing the serviceability of his design. The 
possibilities in die forged parts may be 
divided into several groups. 

The first division may be the group of 
forgings obtained directly from the 
forging dies without any subsequent 
processing, except the usual trimming 
operation and, where necessary, punch- 
ing operations. Forgings produced by 
the dies directly to the required shape 
and dimensional size may be sub- 
divided into two classes, those produced 
from flat-faced dies and those obtained 
from locked dies. Flat-faced dies have 
the two die faces entirely flat and par- 
allel to each other. In locked dies the 
die faces may be in two or more planes 
in order to produce desired bends and 
forms directly in the dies. Fig. 10 il- 
lustrates a flat-faced and a locked die. 





Fig. 8—A 15-lb. cutter forged from alloy 
steel; a practical design if teeth are not 
too small or too close 





Fig. 9—Typical aircraft forging. Note the 
thin sections and the tab provided for 
testing 
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When the plain faced dies have a plug 
projecting above the die face to form 
two planes, they are usually considered 
flat-faced dies. The locked dies devi- 
ate from the straight parting of the 
forging by parting in two or more 
planes, which may or may not be par- 
allel to each other since this depends 
upon the shape of the piece to be 
forged. 


Surfaces on Forgings 


Surface conditions of the forging as 
obtained from the forging operation de- 





pend largely upon the technique prac- Fig. 10—To the left is a plain or flat-faced die; to the right is a locked ex 

ticed. It is essential that the finishing die wherein the parting in the forging is in two or more planes 

impression on the forging dies be fully co 

polished to remove all tool marks and reflects itself in the surface condition of by one of the several processes to re- 

lines from the impression, since any re- the forging. The dies must be kept move the oxide scale from the surface. 

maining marks or lines are reproduced free from forging scale at all times to The removal of scale, in addition to 

in the forging. This is particularly prevent scale pits on the surface of the presenting a clean attractive surface, j 

true on the softer metals such as brass, forging. Prolonged heating or over- aids in the subsequent machining opera- 

copper, bronze, and aluminum. Clean- heating will result in a rough scaly tions since forging scale dulls the cut- tub 

liness during the forging operation surface. Forgings are usually cleaned ting tools. Kof 
der 


Examples of Parts Forged with Holes or Slots 





Fig. 11—A forging with narrow slots and Fig. 13—Stainless steel valve seat with Fig. 15—Multiple openings. The four thin 
a relatively heavy wall section on both slots produced by corresponding small ribs and the inside diameter are made to 
sides of the slot projections in the forging dies close tolerances 





F 

; . li 

Fig. 12—Gate valve disk forged in stain- Fig. 14—Similar to Fig 13, but with a Fig. 16—Two slots cross at right angles in bh 

less iron. Draft in the stem slot is re- thin high stem. Port openings are pro- this Nitralloy forging. Tolerances are 0.015 
moved by a hot press broach duced when back face is machined in., holes are broached 
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KLECTRONIC CONTROL 


Typical Applications 


R. A. POWERS 


Vice-President and General Manager, Electronic Control Corporation 


Typical applications of standard light relays are illustrated and 


explained. Types of phototubes and fundamental circuits were 


covered in the April and May numbers 


variety of applications for elec- 
tronic control. At first photo- 
tubes were used industrially for simple 
“off-and-on” control, mostly as_ safety 
devices. Now the phototube is being 


[sien is no definite limit to the 





Fig. 10—A typical conveyor control by 
light beam and photo-electric cell. The 
beam of light is projected from the light 
source in the upper left hand corner to the 
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used in automatic measuring. grading 
and sorting machines, color matching. 
temperature control instruments and 
packaging machinery. 

In the conveyor control illustrated 
in Fig. 10. the conveyors that deliver 


photo-electric relay unit at the lower right. 
If the final assembly man does not remove 
the steering gear assembly, it intercepts 
the beam of light and stops the conveyor. 


the parts to the final assembly line are 
started and are stopped by the photo- 
tube. Thus, when the steering gear 
assembly reaches the proper point at 
the assembly line it intercepts a beam 
of light and the conveyor stops. When 
the steering gear is taken off for as- 
sembly. the beam of light. no longer 
interrupted, starts the conveyor. 

In Fig. 11 is shown a recently de- 
veloped machine for “turning-over” au- 
tomobile engine cylinder blocks. In 
leaving the foundry they are given a 


Thus, the speed of side feeding conveyors 
can be increased so that the final assembly 
man will never be lacking the desired 
part. 


Fig. 11—This roll-over and shake-out ma- 
chine is controlled by two beams of light. 
Cylinder block enters at the right hand 
side, intercepts one beam of light, thus 
starting the roll-over machine, providing 
that the previous block has been removed 
at the lower left, thereby allowing this 
beam of light to reach the photo cell. If 
lower beam is still obstructed, the roll-over 





machine will not start rotation, but if the 
beam at the lower left has been cleared 
by the removal of the cylinder block, the 
motor starts the roll-over machine and 
it continues until the opening appears 
before the initiating photo cell at the 
upper right, at which point the machine is 
stopped awaiting the entrance of the next 
cylinder block. 
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Fig. 12—This is the simple circuit, ex- 
elusive of photo-electric equipment, for 
control of the roll-over machine showing 
how the interlocking circuits operate the 





turn over equipment. Relay connected in 
series with the lower light source will 
not allow roll-over to occur in the event 
of light source fatigue or failure. 





rapid shakeout on a vibrating conveyor, 
The blocks then coast down the con. 
veyor into the turn-over machine and 
intercept a beam of light. If the pre. 
vious block has been removed, the 
photo-electric cell starts the motor for 
roll-over. Fig. 12 shows the circuit 
and explains its operation. 

Endless belt elevators for ‘man 
lifts” between floors have become popu- 
lar. To make them safe necessitated 
some type of automatic control to stop 
the elevator. In some cases employees 
have been known to ride over the top 
of the upper belt pulley and to fall 
several floors because they had become 
“chilled” or nervous to such an ex- 
tent that they could not get off. A 
beam of light with an electrical latch- 
ing circuit in the photo-electric cell unit, 
stopping the conveyor or belt motor 
when light beam interception occurred 
because a rider had not removed him- 
self at the top floor, answered the 
problem. Fig. 13 explains the circuit. 

Use of mechanical contacts to con- 
trol the automatic spray painting of 
automobile bodies was unfeasible for 
obvious reasons. The _photo-electric 
cell and its associated light source of- 
fered the answer to the problem of 
obtaining frictionless control of auto- 
matic spray guns. Up until the time 
photo-electric cell equipment was in- 
troduced, “turning-on” the spray guns 
was done manually. An _ attendant 
stood by and every time a body passed 
he turned on a valve. An _ explosion 
proof light relay made the operation 
automatic. Today some automobile 
plants have as many as 10 to 20 photo- 
electric cells and associated explosion 
proof light relays or amplifiers for au- 
tomatic spray painting. 
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Fig. 13—Addition of a single relay to a conver§ by the ner 
tional light relay arranged so that interception 9 again, Afte 
the beam of light placed at the top floor of th} beam of li 
man lift elevator opens the control relay circuit button clo: 


thereby de-energizing motor circuit of the man litt 
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Recently the use of a curtain of light 
for control and safety of machine oper- 
ators has been introduced. First ap- 
plied on presses for operator safety, the 
curtain of light is now used also on 
paper rewinds, cutting machines, em- 
bossing presses and other machines. 
First attempts used a single beam of 
light reflected back and forth to get 
the effect of a curtain of light. Re- 
cently a complete curtain-of-light emit- 
ter, projecting a light curtain 13 in. 
high by 1% in. thick or wide, was 
announced. This ribbon or curtain of 
light combined with a sensitive light- 
curtain receiver is the basis of a new 
control system. 

A single beam of light reflected back 
and forth across the press opening 
offered some small degree of safety 
but it was found that a curtain-of-light 
receiver, designed and produced for this 
application was essential. In ordinary 
light relays a 50 per cent decrease 
in illumination is necessary. The cur- 
tain-of-light receiver described here re- 
quires only a 12 per cent decrease of 
illumination for relay “drop out.” Fig. 
14 pictures a complete curtain of light 
enclosing the operating area of an em- 
hossing press, using mirrors to project 
light on three sides. 

A horizontal and vertical curtain of 
light used in controlling and _pro- 
tecting operators of a large deep draw- 
iug press is shown in Fig. 15. This 
illustration shows only one side of the 
press. Similar equipment for opera- 
tor safety and press control are used 
on the back side of the press. 


[The next article will describe photo- 
electric cells and electronic installations 
for measuring, grading and sorting. | 


by the nervous rider the motor can not be started 
again, After the person has been removed and the 
beam of light again unobstructed, pushing the start 
button closes relay circuit and electrically latches 
the motor control relay through the make circuits 
of the light relay. 
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Fig. 14—Complete curtain-of-light equip- 
ment as used in conjunction with a Sheri- 
dan embossing press. Notice the pattern 
of the curtain of light on the press oper- 
ator’s left shoulder. As long as a portion 
of the curtain of light is intercepted the 
press remains stopped. A limit switch 
arrangement takes the curtain-of-light con- 
trol out of the circuit during the opening 
stroke of the press, allowing operation on 





Fig. 15—This close-up photograph shows 
the front side of a large press used for 
deep draw operation on front mud guards. 
Notice that the curtain-of-light patterns 
are intercepted not only by the operator, 
but also by his work. A horizontal cur- 
tain near the floor is provided as one 
portion of the control area, while a vertical 
curtain of light is provided for another 





the fly. Curtain-of-light equipment consists 
of projector, in the foreground, which 
transmits a curtain of light 13 in. in height 
and 2 in. in thickness to the first mirror, 
directly to the right of the operator which 
reflects the light to a mirror on the back 
side of the press and from there back to 
the curtain-of-light receiver, which is shown 
in the background on the left hand side 
of the press. 


control area. Similar horizontal and verti- 
cal curtains of light are on the back. Inter- 
ception of any one of the 4 curtains of 
light during the closing cycle or stroke will 
stop the press within approximately 3/8 in. 
of die movement. During the opening 
stroke a limit switch removes curtain of 
light from control, allowing the operators 
to work the press on the fly. 











HOW TO SELECT MOTORS 


Part II—Analyzing Motor Performance 


MARTIN SCHIFF 


Chief Engineer, Century Electric Company 


Torques that fractional horsepower motors can deliver when 


starting, accelerating and running depend on the current char- 


acteristics, the scheme of windings and also starting devices 


employed 


OLLOWING the analysis. as out- 

lined in Part I. of torque require- 

ments and duty cycle of the driven 
machine the next step in the selection 
of the motor is a matching of the torque 
characteristics of the load with torques 
that the various types of motors can be 
expected to deliver when starting. accel- 
erating and running. 

The torques that motors can deliver 
are dependent upon the type of wind- 
ings and the scheme of connections em- 
ployed in the particular motor, the na- 
ture, uniformity and magnitude of the 
voltage at the motor terminals, the 
capacity of the feed lines and the physi- 
cal conditions surrounding the motor. 

Motors are designed primarily to de- 
liver torque at specified speeds at defi- 
nite voltages. Electrical current is sup- 
plied commercially as either a direct, 
i.e., unidirectional potential, or as an 
alternating potential in which the volt- 
age alternates in direction at definite 
frequencies or cycles per second. When 
the electrical service is alternating a 
motor must be selected not only to suit 
the magnitude of the voltage as with 
direct current, but also to suit the fre- 
quency and the number of phases of 
current. 

While the frequency of alternating 
current as furnished by Power Com- 
panies is so nearly constant that varia- 
tions in frequencies can be considered 
negligible the same is not true of volt- 
age. Voltages do vary considerably espe- 
cially at the end of a transmission line. 
Variations in voltage are very impor- 


——(j\}\§§ — 


Series wound, ( 
D.C. motor \ 


tant considerations in motor perform- 
ance because the effective torque output 
of any motor will vary as the square of 
the change in applied voltage. There- 
fore, line voltages at the motor terminals 
should be known and if a variation from 
rated motor voltage does exist the rated 
torque should be interpolated accord- 
ingly. 

Feed line capacity should be large 
enough to take care of the high in-rush 
of current at starting without reducing 
the voltage and thus lowering the effec- 
tive starting torque. The motor even 
though starting under subnormal volt- 
age may be able to break the static load 
but have difficulty in accelerating the 
load up to speed, thus lengthening the 
accelerating time with attendant high 
current which tends to cook the wind- 
ings, and in some types of motors blow 
the condenser or burn the commutator. 


Effect of Physical Conditions 


Extreme heat surrounding the motor, 
i.e., high ambient temperatures increase 
the operating temperature of the active 
iron and copper in the motor and thus 
limits the power output of the motor. 
Insulation will be affected and the life 
of the motor reduced if temperature of 
the motor windings rises beyond safe 
limits. 

Extreme cold around the motor and 
driven machine may cause the lubricat- 
ing mediums to stiffen or harden. Stiff 
oil in the bearings, pistons and packings 
of a machine will cause hard starting. 






Fig. 1—Wiring diagrams of typical winding schemes employed in d.c. series, shunt and compound motors 


Shunt wound, 
D.C. motor 


Extreme dampness, moisture. or cor- 
rosive acid fumes reduce the effectiveness 
of the insulation resulting in current 
leakage or actual puncture of the in. 
sulation. Special insulations are ayail- 
able for abnormal conditions. 

Dirt. either falling or suspended in the 
atmosphere. and dripping water should 
not get into the motor; if these elements 
are present an inclosed type of motor 
should be used. 

Fractional-horsepower motor charac- 
teristics are best explained by compar- 
ing one type of motor with another. 


Direct Current Motors 


In direct current motors both the field 
and armature are excited directly from 
the power supply. A commutator and 
brushes are used to continuously com- 
mutate the armature currents to produce 
a rotating magnetic pull on the armature. 
The same electrical and magnetic reac- 
tion that is used to start the direct cur- 
rent motor is also used for the running 
operation after the motor is brought up 
to speed. 

The starting torque that direct current 
motors can deliver is high ranging as 
much as 61% times the full load torque. 
This type of motor will pull up or accel- 
erate any load it can start. 

When the driven machine is required 
to start frequently under heavy load, and 
it is not objectionable to have the oper- 
ating speed vary inversely with the load, 
series motors can be used. The speed of 
a series motor will be constant only when 
the load is constant. 

For operating conditions in which con- 
stant speed is desired with fluctuating 
loads and starting is not frequent, either 
shunt motors or compound motors can 
be considered. A shunt motor with field 
resistance control will give speed adjust- 
ments over a wide range. Compound 
motors can deliver higher _ starting 





Compound wound, 
D.C. motor 
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torques than shunt motors, and if the 
high torque is needed only at starting 
the motor series field may be cut out 
after the driven machine is up to speed. 


Alternating Current Motors 


In a.c. motors a magnetic field is 
produced electrically which revolves at 
a speed equal to the frequency multi- 
plied by 60 divided by the number of 
poles. The magnetic field as it rotates 
cuts and induces a current in the con- 
ductors of the short circuited secondary 
winding. The secondary current in turn 
establishes secondary magnetic fields 
within the primary field and torque is 
thus produced. With rotor at standstill. 
ie., with a slip of 100 per cent the 
maximum e.m.f. is induced in the sec- 
endary. Induction motors do not ever 
reach full synchronous speed because if 
there is no slip, no secondary current 
is induced. 

Maximum pull up or accelerating 


Self starting, 
single phase motor, 
with phase coil cutout 


Capacitor start, 
induction run, 
single phase motor = 


a device under the commutator which 
short circuits the commutator bars 
through a common ring; the same move- 
ment releases tension on the brushes 
with the result that the armature is short 
circuited, and is the equivalent of a 
squirrel cage rotor in a polyphase induc- 
tion motor. When the motor stops the 
governor and mechanism return auto- 
matically to their original starting posi- 
tions. 

Repulsion start induction run type mo- 
tors are suited for loads requiring high 
starting and accelerating torques. Repul- 
sion start induction run type motors are 
furnished only for single speed applica- 
tions. 

The split phase start induction motor 
develops its magnetic rotating effect by 
splitting the magnetic field of the stator 
winding into two separate windings dis- 
placed in space and having different 
electrical characteristics. One winding 
is a starting or phase winding, and the 
other is the main or running winding. 


Repulsion start andrun, 
Take RE-Molalo Lt -Maslohiols 


Phase 


Capacitor start, ° 
capacitor run, 
State eater t-Muslohiols 
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phase motors using split magnetic fields 
in starting. Improved starting charac- 
teristics are obtained by using a ca- 
pacitor or condenser in connection with 
the starting winding. The electrical 
effect of the condenser increases the 
angle of the magnetic action to about 
90 deg. between the two windings, ap- 
proaching a true two phase effect. 


Capacitor Motors 


Capacitor start induction run motors 
employ a centrifugal governor switch 
which cuts out both the starting wind- 
ing and the condenser at a_predeter- 
mined speed after which the motor op- 
erates as a straight single phase squirrel 
cage induction type motor. 

Capacitor start induction run motors 
will deliver starting torques that are ap- 
proximately 31% to 41% times their full 
load torque with locked rotor currents 
approximately 134 times repulsion start 
induction run motor currents. Their op- 


Repulsion start, 
induction run, 
single phase motor 


Squirrel cage 
Tate [eronatoy a] 
3-phase motor 


Fig. 2—Wiring diagrams of winding schemes and starting devices used in typical a.c. fractional hp. motors 


torques that a.c. motors, except the 
squirrel cage type, can develop, range 
from 2 to 21% times their full load 
torque. 

Straight single phase squirrel cage 
type induction motors are not self start- 
ing and a supplementary means must 
be provided to give the motor the rotat- 
ing effect required; however, the single 
phase induction motor will run and pro- 
vide torque after it is brought up to 
speed. 

Repulsion start induction run motors 
develop a continuous rotating effect on 
the rotor because of induced currents in 
the rotor made continuously effective by 
commutation to produce torque during 
the starting period. 

Repulsion start induction run motors 
have high starting and accelerating 
torques and when running as a single 
phase induction motor with squirrel cage 
rotor, or its equivalent, are very efficient. 
These motors at starting are repulsion 
motors. but on reaching a predetermined 
speed expanding governor weights push 
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When the motor starts both windings 
are on the line. After accelerating up 
to a predetermined speed a governor 
attached to the rotor acts to open a 
switch and cuts out the starting winding. 
The motor then continues to operate 
on the running winding as a single phase 
induction motor. 

Split phase motors can be designed 
with high starting torque but only by 
using relatively high starting current. 
They are purposely designed with low 
starting torque so that the current and 
consequently the heating in the starting 
winding will be limited. 

Equipment driven with split phase mo- 
tors should be easy to start. The inertia 
of the load should be small so that the 
motor can accelerate rapidly to avoid 
“cooking” the starting winding. Feed 
wires should have capacity great enough 
to carry the high starting current with- 
out reducing the voltage at the motor 
terminals with consequent reduction of 
the motor torque. 

Capacitor motors are basically split 


erating characteristics when running are 
very similar to those of the repulsion 
start induction run type of motors. 
Capacitor start capacitor run motors 
use a capacitor and also a transformer. 
The transformer acts to impress a high 
voltage on the capacitor for starting. 
Starting torque is 34% to 41% times full 
load torque and starting current is of 
the same relative order as the capacitor 
start induction run type of motor. 
Capacitor motors can be obtained for 
both single and multi-speed applications. 
Fractional horsepower squirrel cage 
induction polyphase motors have a field 
made up of polyphase windings and a 
squirrel cage rotor made up of conductor 
bars. The starting torque is about 214 
to 3 times the full load torque. 
Squirrel cage induction motors like 
d.c. motors will usually pull up any load 
they can start, i.e., the maximum pull up 
torque is about equal to the starting 
torque and the rating of the motor should 
be selected to suit the greater torque 
as required by the load. 
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ADJUSTABLE EXTENSIO}PI 


Design of the end of a tension or extension 


spring using some form of loop integral with 





the spring is often unsatisfactory, since many 





spring failures occur somewhere in the loop, 


most often at the base of the loop adjacent to 






































































the spring body. Use of the accompanying Fic 
thr: 
tested methods has reduced breakage and there- a, 
fore down-time of machinery, especially where = 
is | 
adjustability of tension and length is required 91 
Fic 
4 it 
Y HENRY MARTIN < 
Vox wh 
ttt: ————_-Ih} = se 
aan = 
Z INN e 
[| IZA \ Uys Fic. 1—Spring-end is tapered about a loop made of larger Fi 
aS diameter and somewhat softer wire than that used for the . 
FIG.4 spring. Upper end of wire is also formed into a loop, larger on 
and left open to engage a rod-end or eye-bolt A. th 
a 
Fic. 2—A loop is formed at the end of a soft steel rod threaded i 
at the opposite end for a hex adjusting nut. Ordinary threaded i 
rod-end may be substituted if desired. 

Fy 
Fic. 3—End of adjusting screw is upset in shape of a conical bi 
head to coincide with taper of spring-end. Unless initial tension e 
of spring is sufficiently great a wrench flat on stem is provided w 
to facilitate adjustment. ie 
Fic. 4—The last coil of spring is bent inwardly to form hoop A te 
which engages slot in nut. Although a neat and simple design. ' 

all spring tension is exerted on hook at one point, somewhat 
off-center of spring axis. Not recommended for heavy loads. . 
nh 
Fic. 5—An improved method over Fig. 4. The nut is shouldered P 
to accommodate two end coils which are wound smaller than 0 

the body of spring. Flats are provided for use of wrench during 
adjustment. F 
s 
Fic. 6—When wire size permits, the spring end can be left f 
straight and threaded for adjustment. Because of the small c 
size of nut a washer must also be used as shown. I 
Fic. 7—The shouldered nut is threaded with a coarse V-thread } 
and is screwed into the end of the spring. The point of tan- t 
gency between the 30-deg. side of thread and wire diameter MK ( 
should be such that the coils cannot pull off. The end of the ; é 

spring is squared for sufficient friction so that nut need not be 
held when turning the adjusting screw. 


Fic. 8—For close-wound extension springs, end of rod may be 
threaded with a shallow thread the root of which is the same 
curvature as that of the spring wire. This form of thread cut 
with the crests left sharp provides greater engagement contact. 


Fic. 9—For more severe duty, the thread is cut deeper than 
that shown in Fig. 8. The whole spring is close-wound, but 
when screwed on adjusting rod, the coils are spread, thereby 
creating greater friction for better holding ability. Spring is 
screwed against the relieved shoulder of rod. 
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Fic. 10—When design requires housed spring, adjusting rod is 
threaded internally. Here also, the close-wound coils are spread 
when assembled. Unless housing bore is considerably larger 
than shouldered diameter of adjusting rod, or sufficient space 
is available for a covered spring, methods shown in Figs. 8 or 
9 will be less expensive. 


Fic. 11—A thin piece of cold-drawn steel is drilled to exact 
pitch of the coils with a series of holes slightly larger than 
spring wire. Three or four coils are screwed into the piece 
which has additional holes for further adjustment. It will be 
seen that all coils so engaged are inactive or dead coils. 


Fic. 12—A similar design to that shown in Fig. 11, except that 
a smaller spring lies inside the larger one. Both springs are 
wound to the same pitch for ease of adjustment. By staggering 
the holes as shown, the outer diameter of the inner spring may 
approach closely that of the inner diameter of the outer spring, 
thereby leaving sufficient space for a third internal spring if 
necessary. 


Fic. 13—When the spring is to be guarded, and to prevent 
binding of the spring attachment in the housing, the end is 
cross-shaped as shown in the section. The two extra vanes are 
welded to the solid vane. The location of the series of holes in 
each successive vane is such as to advance spring at one quar- 
ter the pitch. 


Fic. 14—This spring-end has three vanes and is turned, bored 
and milled from solid round stock where welding facilities are 
not convenient. In sufficient quantities, the use of a steel casting 
precludes machining bar stock. The end with the hole is 
milled approximately 14 in. thick for the adjusting member. 


Fic. 15—A simple means of adjusting tension and length of 
spring. The spring anchor slides on a plain round rod and is 
fastened in any position by a square head setscrew and brass 
clamping shoe. The eye in the end of the spring engages a 
hole in the anchor. 


Fic. 16—A block of cold drawn steel is slotted to accommodate 
the eye of the spring by means of a straight pin. The block is 
drilled slightly larger than the threaded rod and adjustment 
and positioning is by the two hex nuts. 


Fic. 17—A similar arrangement to that shown in Fig. 16. The 
spring finger is notched at the outer end for the spring-eye as 
illustrated in the sectioned end view. In these last three meth- 
ods, the adjustable member can be made to accommodate 2 or 
3 springs if necessary. 


Although a representative group of designs is illustrated, 
more ways exist to secure satisfactory adjustment of extension 
springs. It is suggested that engineers having other designs 
submit them for inclusion in the Question and Comment col- 
umns of Product Engineering. 
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FIG.12 Section X-X 
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Section Z-Z 
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FIG.13 Section Y-Y 
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Designing Belleville Springs represents ratio of the actual ultimate t 
strength ef material used (of thickness 
t in.) to its fundamental value, 7, = f “ 


215,000 pounds per square in., selected 

VICTOR TATARINOFF for silico-manganese flat steel of 1 in. 

ey nT Oe aa thickness. Values of C are given by a 

special graph, placed in the top of the 

chart. The lower figures along the sloping 

‘ * ° e . li aS US "4 se j i i 

Ganghionl on design of Belleville springs, Strated ines should be u ed in connection with 

; the left-hand vertical scale, the upper 

by typical example. Comparative data on weight and size of — ures in connection with the right-hand f 
vertical scale. If the factor of structural 


i orrbandnd eniteltatteR.. es at 





other types of springs performing similar duty safety K is 2 instead of 1.5, the same 
graphs may be used; it would be merely 
J 
necessary to multiply values of S. ' 
Belleville springs forged from flat R = outside radius of spring. in. . R- 
material, and used as shock absorbers, = inside radius of spring. in. . by the ratio A165 = 675. 
nuts or washers, represent some advan- t = thickness of spring material. in 2 
tages in reducing the external volume d = deflection of one spring element The method of using the chart is made f 
of spring (see table annexed). The under the load P. in. clear in the following example: 
spring material is subjected to bending D = total deflection of spring = Assume a Belleville spring made of 
stress only instead of torsional stress as dn where n is number of spring silico-manganese flat steel with the fol- 
in common helical or conical springs. elements lowing conditions to be observed. The 
The computation of Belleville springs E = modulus of elasticity. equal to maximum outside diameter of the spring 
is based on two fundamental equations: 28.500.000 lb. per sq. in. shall not be greater than 73 inches | 
= KP The calculation can, however. be hanya ~ — enprenter mont \ 
oi = an) p and d = facilitated by the use of graphics. The 7 inches (ry = 1 in.) ; the maximum work- 
R following modification of the funda- —_ load = ues pounds; the deflec- % 
is Et® i a ae ~) mental equations will be then necessary. wee of the spring consisting of y" i 
spring elements D = d X n = 1.5 inch. 
K = the factor of structural safety. Ss For first approximation select C = 1, 
equal to 1.5 ; : ~ s 3(#) at =< ax)ee then P _ 30, 000 _ R } 
P=maximum working load, in 3. R —_— = = 2134 and a 
pounds 98 ( qu 2 ) K R 3.75" . 
KP = breaking load, in pounds R x a 3 oR 3.75. Using the graph, trace horizontally 
T = ultimate strength of spring ‘ d~ AT’ arii-(‘ ») +2 X3-= log = from the point on the left-hand vertical ’ 
material in pounds per square R J . 1 
inch An _ additional corrective factor C scale on _ = 2134 to the sloping 





Rs 

line (see lower set of - lines), corre- 
Total Height of r 
Size of number of spring at Free height Weight of 








Type of Spring spring coils or their max. of spring— , Be sponding to —— = 3.75, as shown by the 
material in. spring deflection in, tition! i r 
elements —_— dotted line. The intersection thus ob- 

7 . tained will indicate on the bottom scale 
Helical spring made from a 
round material diam. 1.82 6.5 10.94 12.5 84.5 , R Soa 3.79 | 

é ji a value for —— of 9.25, Then t = >>. 
Helical spring made from t 9,25 
square material 1.75 by 1.75 7 273 1237 110.5 
a lical , le f aie = 0.408 in. To select the value of correc- 

elical spring made from at Oe ay - neal ah 
flat material 1 by 2.45 5.5 5.07 6.62 55.5 tive factor C, use the graph placed ' 
ee . 0.4 the top of the chart. For silico-manganese 
Conical spring made from 0.4 to steel of 0.408 in. in thickness C = 111 © 
strip of rectangular section 0.6 in. 
by 8 in. 5.25 8.18 9.73 78.0 P 1 7 3 
= i ~ F — ——_ = ZU. Fro- b 
Belleville spring 0.39 13 9.2 6.7 50.0 Then value of R? x ss 19 4 
4 


Comparative data on various types of springs, assuming silico-manganese steel, 


—e , a oe d 
. es , ceeding in this way, ratio —— is found, 
P=30,000 lb., diameter—7\% in., 114 in. deflection of one element t 
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namely: With —— = 3.75, - 


when t = — 


r 


3.75 


9.62 


a 
t 


== O82. 


= 0.39 in. In practice 


the value of ¢ thus obtained should be 
replaced by the nearest thickness of 
manufactured plates. 

Next determine the point at which the 
vertical line traced from the point on 


: ; R 
the horizontal scale designated — 


9.62 will intersect the upper set of —— 
; 


lines at —— = 
- 


3.75. The intersection 


thus found will indicate on the right- 
hand vertical scale a suitable value of 


3.75 





30 


, namely 30. Then d = —— = 0.125 


in. Number of spring elements securing 


the total deflection D of 1.5 in. 
15 


will be 


12. For safety select n = 12 +- 
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1 = 13. The total free height of spring 
= (t+ d) X n= 6.7 inches. The height 
of spring under the load P = 30,000 lb. 
will be 5.2 inches. 50 Ib. will be the 
weight of spring. 

Now compare the designed Belleville 
spring with other types of springs made 
from silico-manganese steel, accomplish- 
ing similar duty to the above. The com- 
parative data are collected in the table 
shown on the opposite page. These 
tabular data indicate a material reduc- 
tion of size and weight when using 
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Chart for graphical design of Belleville springs, givén working load, diameter, and maximum deflection 
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Wabbler Engine Balance 
E. S. HALL 


Here is a problem, useful in figuring 
the balance of wabbler engines. I know 
of no way to solve this problem without 
calculus, but perhaps there is a simpler 
way. I believe the solution is correct, but 
I shall be more certain if your readers 
will confirm it independently. 

A flat circular disk of thickness ¢ ft. 
and radius R ft. has uniform density and 
weighs W pounds. The disk rotates 
radians per second about an axis 
through its central point inclined to its 





4y 2 





-Plane of polar coordinates 
~ (p@ @=0 when p is in xy plane 











Disk rotates about an axis through its 
central point, inclined to its normal axis 


normal axis an angle ¢, which is less 
than 90 deg. Find the moment of the 
centrifugal couple which tries to de- 
crease ¢. 

Solution: Take an element of the disk 


= (pA OA p) tcu. ft. 


pay ee rt fod 
-2rt [2] 
v 


V = x Rt cu. ft. 





Mass of the elements A m = o A V 
where ¢ = density lb./cu. ft. 

Only y component of centrifugal 
force F, can enter into centrifugal 
couple. 

AF, =Amyw& 


y = pcos ¢cos 0 
AF, = (6 pA 6A pt) (p cos ¢ cos 8 w) 
The centrifugal moment of element 
A Mz = AF; psin ¢ cos 0 
= goto singdcos¢ pcor OADAp 
Let K = oto’ sin d cos ¢ 


Moment of centrifugal couple 


amen 2K f° [pcos sana, 
. Tr 
-2x f- a | pein cos 0 +5 | dp 
0 0 
R T 
-2K f p(0+5-0-0)« 
0 








1 


“7a sin ¢ cos @ x Rt 


Weight of disk = W_ 
g g 


and ¢o tz R? = Mass = 





W R? « sin ¢ cos @ Ib. ft 


Mz = 4g 


“Whetstones of Witte” 


To the Editor: 


Anent your Mr. T. C. Lloyd’s “Whet- 
stones of Witte,” on page 27 of the Janu- 
ary 1938 issue of Product Engineer- 
ing, | wonder if he wasn’t trapped in 
the St. Ives Mother Goose problem, the 
answer to which is only one person, the 
speaker, was going to St. Ives. The 
others, put there to raise mathematical 
dust in the eyes, were coming from 
St. Ives. 

The Archimedes cattle problem is a 
celebrated one of antiquity, and if the 
reputed inventor of the lever solved it 
with the mathematical devices of his 
time, he must have been a “wow’— 
pardon our slang—and richly deserves 
all the fame he has. The solution in- 
volves the laborious reduction of seven 
simultaneous equations, involving eight 
unknown quantities, to a single equation 
with two unknowns. By restricting the 
solution to positive integers, a series of 
solutions is found, the minimum of 
which is used. According to H. E. 
Licks, in his “Recreations in Mathe- 
matics,” the total numbe: of cattle thus 
figured is no less than 50,389,082. As 
though that were not enough, Archim- 
edes made it more interesting by add- 
ing two other conditions which have 
given even our modern computers gray 
hairs, so that the problem has never 
been solved, the numbers becoming in- 
finitely large. —Cart P. Nacnuop 

Louisville, Ky. 


Are We Slipping? 


To the Editor: 


On page 75 of the February issue of 
Product Engineering, in the example of 
gear center calculation, I find in the 
tabulation at the bottom of the first 
column,u = y + d = 4.19442821, which 
figure is less than the value of d which 
is given as d = 9.375. 

This bane an amusing good yoke by 
jiminny. Ever since you went into poli- 
tics you bane slipping. 

—“OLiE HANSEN” 
Chicago, IIL. 

[Editor’s Note—We accept the gentle 
chiding in the spirit in which it is given. 
But evidently “Olie” has discovered 
something in Product Engineering which 
is not in it—politics. We have always 
been ultra-careful in avoiding political ar- 
guments and national economics. On the 
other hand, “Olie” has failed to see, in 
his analysis of our error, that the equa- 
tion reads u = —y+d. The minus sign 
makes it right. But seriously “Olie,” 
when you see a ridiculous mistake, such 
as this appeared to be, let’s hear about 
it. We like your style. ] 


Design of Geneva Motion 
Gearing 
To the Editor: 


Will you please supply information or 
a list of references pertaining to the 
design of Geneva motion gearing? 
It is desired to use this mechanism in 
a machine with 18 stops to move and 
stop an unusually large mass. Other 
conventional types of intermittent motion 
have been found impractical. We have 
no data for calculating the stresses and 
proportions on this element, and we will 
appreciate any assistance which you may 
give. —C. C. Wess 
Wheeling Stamping Company 





Can You Work This One? 


H. E. SMITH 


Solution to Last Month’s Problem— 


Army and Messenger 


Let S,= Army’s speed and S, mes- 
senger’s speed and X the distance be- 
tween the position of the general at the 


start and his position when the mes- 


senger reaches him. 


Then, a Sts and S: = ~ 2 
_ -—“-.: S: 25—X 
By division, 
25° — X* 
‘= a i or bg = lie 





Therefore, 25+2 (17.5) = 60 miles 


travel for messenger. 


This Month’s Problem— 


Ship and Its Boiler 


A ship was as old as its boiler was 
when the ship was as old as its boiler was 
when the ship was as old as its boiler is 
now. When the boiler becomes twice 
as old as the ship is now, the combined 
ages of the ship and boiler will be 51 
How old is each now? 


years. 
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New Streamlined 20th Century Limited 


PERATING on the fastest schedule 

ever maintained in regular service 
between Chicago and New York—16 
hours—the new streamlined 20th Cen- 
tury Limited, styled by Henry Dreyfuss 
and built by the American Locomotive 
Company and the Pullman-Standard Car 
Manufacturing Company will go into 
regular service on June 15, 1938. The 
new Century weighs about 1/3 less than 
previous standard equipment. Reduc- 
tion in weight, without loss of strength, 
has been obtained by the use of welded 
construction, using high tensile alloy 
steel throughout for the main structural 
portions of the cars and aluminum al- 
loys for floor supports, partitions and 
interior trim. 

Tightlock couplers, in conjunction with 
Twin Cushion rubber draft gears, in- 
crease riding comfort since the train 
stops and starts with no uncontrolled 
slack between the cars or between loco- 
motive and cars. Operation is also 
quieter through the avoidance of metal- 
to-metal contact between moving parts 
at the end of the cars. The cars are 
not articulated, permitting a_ flexible 
make-up. of the train for varying traffic 
needs. All axles run on roller bearings. 


Dining cars and lounge observation 
cars have radios, the one in_ the 
dining car being arranged for hookup 
with an automatic record-changing 
phonograph. Loud speakers are built 
into the walls at each end of the main 
dining section. 

The bar lounge has been planned to 
afford as much open space as_prac- 
ticable. Formica tops are used on tables, 
chair arms and furniture. At one end, 
a fully equipped service bar has dis- 
play shelves of Plexiglas. The copper 
light trough extends the length of the 
car and down the back of the bar, il- 
luminating the shelves. Lenses in the 
cork soffit give additional illumination 
over the settees. 

In the diner, the lenses are placed 
to give individual light for each _per- 
son. The light troughs are of satin- 
finished aluminum. After dinner, the 
lighting in the diner can be changed 
to rose-color to give the car a cafe 
atmosphere. In the main lounge, as in 
the diner, the lighting trough is of satin- 
finished aluminum. Specially designed 
aluminum light fixtures are on the 
magazine rack tables. The new Hudson 
locomotives were designed and built by 
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the American Locomotive Company and 
have 4,700 cylinder hp. at a speed of 
75 mi. per hr. At 80 mi. per hr. they 
are capable of exerting a drawbar pull 
approximately 30 per cent higher than 
that of the former Hudsons. Boilers are 
of nickel steel, designed for a steam 
pressure of 275 lb. per sq.in., with pro- 
vision for further increase to 300 lb. 
per sq.in. if desired. Cab and running 
boards are made of aluminum. The pis- 
ton and rod assembly are of light weight 
alloy steel. All axles on both engine 
and tender, as well as crossheads, are 
equipped with roller bearings. In addi- 
tion, five of the ten streamlined loco- 
motives have roller bearing driving-rods 
and valve gears. Thus the total weight 
of reciprocating parts in each side of 
the locomotive has been reduced to 
1,000 lb. and the dynamic augment 
decreased by about 50 per cent of that 
of the J-1 class. 

The streamlining consists of the lag- 
ging and jacketing of the smoke-box 
with a bullet nose type covering under 
the front end and a housing over the 
top of the boiler extending forward 
from the cab to include the smoke stack, 
with air openings at the front for smoke- 
lifting purposes. The headlight is lo- 
cated at the middle of an aluminum 
fin which follows the contour of the 
bullet nose along the vertical center 
line of the locomotive from the housing 
which covers the top of the boiler to 
the shrouding which covers the space 
under the smokebox. This shrouding 
also covers the pilot. At the sides it 
extends only as far as the steps from 
the bumper beam to the running board. 
Below the running board, beginning at 
a point approximately half way back. 
is an apron which conforms approxi- 





Satin finished aluminum fin identifies the new streamlined Twentieth Century Limited. Exterior unity is em- 
phasized by the uninterrupted smooth surface and by a dark gray band, edged with blue, with two silver stripes 


in its center, which runs from the locomotive tender to the end of the last car 
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Design rendering showing informal arrangement of bar lounge in streamlined 
Century. Color scheme is rust and gray, with brown walls and copper trim 


mately to the line of the throat sheet 
and mud ring and extends back to the 
rear of the cab. 

A housing which covers the sides of 
the tender coal space conforms to the 
curve of the cab roof. An inward-curv- 
ing skirt is dropped below each side 
of the tender approximately to the cen- 
ters of the tender truck wheels. 

Above the running boards the boiler 
jacket, shrouding and cab are finished 
in light gray Duco. The underneath 
parts, including the frames, trucks, and 
other parts are finished in a darker 
tone of gray, with aluminum finish on 
the driving wheels. The front cylinder 
head and valve-chamber casings are in 
natural aluminum color. The main 
and side rods, as well as the valve- 
motion rods, are polished. Lettering 
and the striping on the tender are in 
aluminum. Two longitudinal stripes in 
blue are painted on the sides of the 
tender, one above and one below the 
aluminum striping and _ lettering. 


New NEMA Standards 
for Welding Electrodes 


TANDARDS to define various classes 

of metallic electrodes used in arc 
welding, and to standardize the pack- 
aging, diameters and lengths of the 
various types of electrodes, have re- 
cently been adopted by the Electric 
Welding Section of National Electrical 
Manufacturers Association. For stand- 
ardization, electrodes are divided among 
the following nine classes: bare, thinly 
coated, heavily coated, high tensile, hard 





MEETINGS 


SocieTY oF AUTOMOTIVE ENGINEERS— 
summer meeting, the Greenbrier Hotel, 
White Sulphur Springs, W. Va., June 
12-17, John A. C. Warner, secretary 
and general manager, 29 W. 39th St., 
New York City. 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS—semi-annual meeting at St. 
Louis, Mo., June 20-24, C. E. Davies, 
secretary, 29 W. 39th St.. New York 
City. 


EicHtH ANNUAL Economics Con- 
FERENCE FOR ENGINEERS—Stevens Engi- 
neering Camp, Johnsonburg, N. J., 
June 24—-July 2, Sponsored by Stevens 
Institute of Technology, Hoboken, 
N. J., and the Society for the Advance- 
ment of Management. 


AMERICAN Society FOR TESTING MaA- 
TERIALS—F orty-first annual meeting, 
Chalfonte-Haddon Hall, Atlantic City, 
N. J., June 27-July 1, C. L. Warwick, 
secretary, 260 S. Broad St., Philadel- 
phia, Pa. 


EXPOSITIONS 


Nationa Metat CONGRESS AND Ex- 
HIBITION—Convention Hall, Detroit, 
Mich., under the auspices of the Ameri- 
can Society for Metals, October 17-21. 
Further information can be obtained 
by communicating with W. H. Eisen- 
man, secretary, 7016 Euclid Ave., 
Cleveland, Ohio. 


NaTIonaL AUTOMOBILE SHOow—Grand 
Central Palace, New York City, Nov- 
ember 11-19, under the auspices of 
the Automobile Manufacturers Asso- 
ciation, 366 Madison Ave., New York 
City. 








surfacing, ferrous, corrosion and scale 
resisting alloy, non-ferrous and miscel. 
laneous. Copies of the standards are 
available through member companies or 
from NEMA headquarters at 155 FE, 
44th St., New York, N. Y. 


Stainless Steel Bellows 
Now Available 


ECAUSE of the extreme difficulty 

of drawing stainless steel into thin- 
walled tubular forms it has been con- 
sidered impossible to produce commer- 
cially stainless steel bellows in one 
piece. The reason for this has been 
the fact that stainless steel work-hardens 
so rapidly that the material is not able 
to withstand the forming operation. Now, 
however, the Chicago Metal Hose Cor- 
poration, of Maywood, Ill., announces 
that they have commercially available 
one-piece bellows made of 18-8 stainless 
steel with a maximum of 0.08 per cent 
carbon. 

These stainless steel bellows are manu- 
factured from rolled strip instead of a 
drawn tube, the strip being rolled in 
tubular shape and then _ resistance 
welded. In this manner there is ob- 
tained a tube of uniform wall thickness 
throughout except at the lap weld where 
there is a slight increase. In making 
the bellows from the welded tube half 
of the material is stretched outwardly 
and the other half inwardly. Thereby 
the amount of cold working to which 
the material is subjected is a minimum. 

The maximum that these stainless steel 
bellows can be extended is about 25 per 
cent of the unextended overall length. 
This is a limit which can only be ob- 
tained under low pressures and a few 
strokes per minute. For normal opera- 
tion the recommended stroke is between 
10 and 15 per cent of the overall length 
in either compression or extension. Thus 
when there is both compression and ex- 
tension from the free length, double the 
normal stroke is permissible. 


Summer Program On 


Strength of Materials 


SPECIAL summer program of lec- 

tures and conferences is being al- 
ranged at the Massachusetts Institute 
of Technology this summer for a period 
of four weeks, beginning June 13. Dur- 
ing this program, different aspects of 
the trade problems of steel, concrete 
and timber will be critically discussed 
by experts on the staff of the Institute 
supported by authorities from industry 
and various laboratories. One of the 
series of lectures will be devoted to 
presentation of the known facts under- 
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lying the strength of steel, and com- 
paring these data with what is known 
regarding concrete and timber. 
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Scholarship Fund 


Commemorates Unwin 


RIENDS, associates, and past stu- 

dents of the late Dr. William C. Un- 
win, throughout the entire world, have 
taken steps to commemorate the valu- 
able service Dr. Unwin rendered to en- 
gineering science through research and 
published writings, and __ particularly 


Case Histories in Patent Law 


(Editor’s Note: We wish to emphasize 
that in consenting to furnish this column 
wherein general explanations of the law 
in specific patent cases are set forth, 
Col. H. A. Toulmin, Jr., wants it clearly 
understood “that each actual case should 
be submitted to your own patent attorney 
who is the only one familiar enough to 
advise you accurately.” The purposes of 
these explanations is to give a better 
general understanding of questions of 
patent law.) 


CASE HISTORIES—NO. 6 


QUESTION: What records should a 
manufacturer keep of inventions made 
by his organization? 


ANSWER: Dated drawings and pho- 
tographs, all witnessed,—but, above all, 
dates of every vital step from the first 
conception of the idea. The actual build- 
ing of the invention and its first test are 
the most important dates. 

When more than one person invents 
the same device, which actually and hon- 
estly happens quite often, who shall get 
the patent depends upon minute, de- 
tailed and irrefutable records of dates of 
conception of the idea, drawings, mod- 
els, disclosure to others, reduction to 
practice, and application for patent. 
These are necessary, not only to show 
priority but in some cases to prove that 
there was no delay or neglect in develop- 
ing the invention. 

If one inventor can prove that he was 
both the first to conceive the idea and 
the first to apply for a patent, he will 
get the patent—provided, of course, that 
the invention is patentable. But even if 
he is the last to file application, he will 
get the patent if he can prove that he 
was the first to get the idea, and that he 
did not unduly delay developing it and 
making application to cover it. 

Also, most cases involving infringe- 
ment hinge upon ability to prove beyond 
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through his leadership in the education 
of engineers. The Committee in London. 
composed of Dr. Unwin’s former stu- 
dents and associates, affiliated with repre- 
sentatives of the American Society of 
Civil Engineers and the American 
Society of Mechanical Engineers, is 
engaged in raising a fund to am- 
plify the endowment for the Unwin 
Scholarship awarded annually at the 
Central Technical College, London. 
and to provide a suitable memoir of 
Di. Unwin’s life. Contributions may be 
sent to E. G. Walker, Honorary Treas- 
urer, 82 Victoria St., London, S. W. 1. 
England. 





doubt that certain things were done on 
a certain date. Many a manufacturer 
has been beaten in cases which he 
should have won, merely because he did 
not insist that his design, development, 
and research departments keep records. 

It is often this failure that accounts 
for the high cost of patent litigation. 
The search for witnesses who can testify 
to dates sometimes takes years and re- 
quires travel into far-off lands. Even 
then, the witnesses’ testimony seldom, if 
ever, is as convincing as promptly filled 
out and attested records. 


TYPICAL RECORDS: The first rec- 
ord may well be a sheet showing the 
preliminary sketch of the device, giving 
the names of the device and the in- 
ventor, and an explanation of it. It 
should also show the name of the person 
who made the sketch and the date of 
making it, the witness and the date, and 
the names of three people to whom it 
was explained, with dates. 

Then there should be a research rec- 
ord telling the subject, date of begin- 
ning research, object, apparatus and 
materials used, method of process and 
result. Other important headings are: 
“Experiment by,” “Witnessed by,” “Di- 
rected by,” “This record made by,” with 
dates for all headings, and signatures. 

A construction record is also impor- 
tant to show the vital reduction to actual 
practice. It carries spaces for recording 
the names of invention and inventor, the 
dates of starting and completing pre- 
liminary sketches and models, dates of 
ordering and receiving patterns, raw 
materials, castings, machining, and as- 
sembly, date and result of test and the 
signature of the recorder and the date. 

A test record should give the names 
of invention and inventor, the date, de- 
scription and results of the test, descrip- 
tion and file number of photographs 
taken of the test, witnesses, and the afh- 
davit by the person in charge. 

Each witness of the test should make 
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Do You Know That— 


STAINLESS steel can be obtained as 
thin as 0.0024 in. thickness? (80) 


Corton Fasric, woven with a coarse 
mesh, is being used in England as a 
road building material? Concrete is 
laid in the usual way to a depth of 5 in. 
The cotton, looking like a fish net, is 
then placed on top. .separating the 
foundation layer from the 3 in. concrete 
surface. When re-surfacing is necessary, 
it is necessary to remove only the top 
layer. (81) 


H. A. TOULMIN, JR. 


affidavit before a notary as to what went 
on at the test, the results, modifications, 
if any. that were needed to make the test 
successful, and who was present. 

A record for each photograph should 
be drawn up on a form which bears an 
order number. A card carrying that 
number should be put on the machine 
so that it will register on the photo- 
graph. The number should also be on 
the envelope which contains the negative 
and print. Other information on the pho- 
tograph form should include the name 
of the device, who took the photograph, 
place taken, date (which should also be 
registered on the negative if possible), 
who was present when photograph was 
taken and the name’ of the inventor. 

A summary card should also be filled 
in, giving, besides the names of inven- 
tion and inventor, the dates when the 
idea was conceived, sketches were dis- 
closed, written description made, work- 
ing drawings started and completed, 
start and completion of full-sized ma- 
chine, photographs taken and all in- 
formation about the test. Finally the rec- 
ord will show who made the card and 
the date of starting and completing it. 

The patent attorney will also keep a 
record with such spaces as for the name 
and address of the inventor, name of the 
invention and the dates received from in- 
ventor, execution, sent to patent office, 
filed, preliminary examination, assign- 
ment of interest, assignment forwarded, 
returned, recorded and delivered to as- 
signee, dates patent allowed, final fee 
received, six months expire, final fee for- 
warded, patent received, patent office re- 
ceipt and patent delivered. This record 
will also list the various drawings. 

With such a set of records there is 
little likelihood of failing to secure or 
uphold any patent to which the company 
is entitled. Furthermore, where the 


issue is priority of invention, the opposi- 
tion is very prone to become discouraged 
at the start when shown such complete 
and incontrovertible records of dates. 











ew Materials and Parts 





Dual Magnetic Valve 


“General Dual K-10” for high-low 
fire or flow control. Two electrically 
independent solenoids operate two 
lever-action, high-pressure valves. The 
lever action develops six times the 
opening and closing force of straight 
magnetic valves. The unit will handle 
vils as heavy as No. 6 at usual room 
temperatures or steam up to 125 Ib. 
pressure with temperatures up to 400 
deg. F. Flow adjustments are _pro- 


vided on both ports. General Controls 
Co., 450 E. Ohio St., Chicago, II. 





Overload Relay 


Similar to their line of mechanical 
latch-in electrical reset relays. Con- 
tacts can be arranged to be closed 
manually or by means of a voltage oper- 
ated coil and when closed, they latch 
closed. Latch is adjusted to pick up 
and open the contacts when the cur- 
rent in the overload coil reaches the 
proper value. This setting is adjust- 
able over a range of 2 to 1 by means 
of the knurled nut on the top of the 
relay. Unit is available for use on 
either d.c. or a.c. The contacts are 








rated 30 amp. at 110 volts ac., 20 
amp. at 220 volts a.c., 6 amp. at 110 
volts d.c., and 3 amp. at 230 volts d.c. 
on non-inductive loads. Struthers 
Dunn, Inc., 146 N. Juniper St., Phila- 
delphia, Pa. 


Stainless Steel Bellows 


Claimed to be the first bellows of 
stainless steel commercially available, 
these bellows are made of 18-8 stainless 
steel in one piece. They can be used 
for temperatures up to 1,100 deg. F. 
without detrimental effect, possess all 
of the corrosion-resistant properties of 
stainless steel and will deflect equal 
amounts for equal increments of weight 
or pressure. A bellows 1 in. LD. and 
14% in. O.D. will have a deflection up 
to 20 per cent for an internal pressure 
of 50 lb. per sq. in., 75 deflections per 
minute at a temperature of 600 deg. F., 
At a 6 per cent deflection at an internal 
pressure of 250 lb. per sq. in. at a 
temperature of 1,200 deg. F. the stroke 
frequency may be as high as 450 per 





min. Any of the above factors can be 
increased with a corresponding decrease 
of the other one or two factors within 
limits. Available in nine sizes ranging 
from %g in. LD. by 9/16 in. O.D. up to 
15% in. L.D. by 2-7/16 in. O.D. Chicago 
Metal Hose Corp., Maywood, IIl. 


V oltage Regulator 


A simple, moderately priced “Silver- 
stat” regulator for the automatic voltage 
control of small a.c. and d.c. gener- 
ators. There are no vibrating contacts 
and no parts requiring readjustment 
or replacement at frequent intervals. 
Only simple rheostat adjustments are 





5! 
v 





necessary when putting it into service. 
The regulator is of the direct and quick 
acting, rheostatic type and _ regulates 
the voltage by varying directly the 
resistance in the field circuit. Leaf type 
springs permanently support moving 
parts to eliminate friction, wear and ad- 
justment. A damping transformer elimi- 
nates the use of dashpots and similar 
devices that require maintenance. Reg- 
ulator is completely inclosed by remov- 
able covers and is easy to_ install. 
Clearly marked terminals are provided 
in a convenient location. For a.c. ap- 
plications only six connections are made 
to the regulator and for d.c. applica- 
tions there are four connections. Avail- 
able in a range of sizes. Westinghouse 


Elec. & Mfg. Co., East Pittsburgh, Pa. 


Revolution Counter 


An improved high-speed revolution 
counter which will operate in either di- 
rection. It will automatically subtract 
from the total when unwinding turns. 
The complete assembly consists of a 
cast iron base, a dust-tight stamped 
metal case and dial and a flexible shaft 
for attaching to the driving power. Pre- 
cision cut gears are used throughout to 
give lasting service under high-speed 
operation. Dial and case are arranged 
at a convenient angle for ease in quick 
reading. The dial has scale divisions 
reading from zero to 100 and also from 
zero to 10,000. One pointer indicates 
the number of turns from zero to 100 
while the other pointer indicates the 
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number of hundreds of turns counted. 
The pointers are reset to zero by hand 
turning. Ideal Commutator Dresser Co., 
1446 Park Ave., Sycamore, Ill. 


Air Circulator Motor 


Specially shaped to blend with the 
usual air circulator design and to offer 
the least possible resistance to the flow 
of air. They are designed with a bar- 
rel frame to facilitate mounting in a 
ring or yoke. The motors are built with 
split-phase windings for 1,150 or 1,725 
r.p.m. with start and stop pull switch, 
and also with windings for two speeds, 
860 and 1,140 or 1,140 and 1,725 r.p.m. 
with a three position pull switch. They 
are also built to operate with a separate 
transformer-capacitor control to run at 
two or three speeds. Available with a 
smooth or crinkle enamel finish in YY, 
1/6, or 14 hp. sizes to operate fans from 
20 to 32 in. diam. Ohio Electric Mfg. 
Co., 5911 Maurice Ave., Cleveland. Ohio. 





Recessed Head Screws 


A complete line of Empire brand 
machine screws, stove bolts and sheet 
metal screws with the Phillips re- 
cessed head, manufactured under li- 
cense under the Phillips Recessed Head 
Screw patents of the American Screw 
Company. Advantages of this new 
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screw head include saving time in 
assembly by fitting driver and requir- 
ing only one hand for operation, by 
guarding work against slippage of 
driver and by permitting tighter fas- 
tenings with greater holding power. 
Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 


Rheostat Dials 


Specially designed dial plates to pro- 
vide easy and accurate setting of the 
rheostat. The plates are brass and 
etched black. The dials are calibrated 
numerically and read directly in _per- 
centages of resistance in the circuit. 
Areas instead of lines indicate the zero 
and the one hundred positions, enabling 
the dials to be used on rheostats with 





slightly different angles of rotation. 
Dial plates are available in 2-3/16 in. 
and 5% in. sizes. A 314 in. knob 
for the 3 in. shaft is available and may 
be had with a pointer for use with 514 
in. dial or without pointer if desired. 
Various knobs for 4 in. shafts for use 
with the small dials are also available. 
Ohmite Mfg. Co., 4846 W. Flournoy St., 
Chicago, II. 


Two-Plane Conveyor Chain 


Capable of operating in two planes 
and particularly suited for handling 
cans, bottles or jars in the process of 
manufacture and in cleaning, filling and 
capping operations. The _ two-plane 
travel feature makes it practical to use 
the chain in rectangular, circular. semi- 
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circular or irregular paths, employing 
but one long conveyor, if desired. The 
construction of the steel chain which is 
finished all over, provides for a continu- 
ous unbroken carrying surface of equal 
width, whether the chain is moving in a 
straight line or turning around a 
sprocket wheel. It permits the use of a 
continuous chain in a conveyor system, 
using only one driving mechanism. Link- 
Belt Co., 519 N. Holmes Ave., Indi- 


anapolis, Ind. 


Midget Coolant Pump 


A small, portable centrifugal pump 
for pumping coolant, supplying lubri- 
cant, and for general use in circulating 
liquids. The pump is claimed to be 
large enough to do many jobs now per- 
formed by larger pumps and at appre- 
ciable saving. A feature of the pump 
is its top suction which prevents heavy 
grit from entering the pump, assuring 
long life. Narragansett Products Corp.., 
45 Baker St., Providence, R. I. 





Midget Cord Connector 


An addition to their line of “Twist- 
Lock” connectors designed for use 
with all kinds of electrically-operated 
portable appliances requiring a small 
size cord connector. Rated at 10 amp., 
250 volts, or 15 amp., 125 volts. Avail- 
able with or without adjustable cord 
grips. Harvey Hubbell, Inc., Bridge- 
port, Conn. 




















Temperature Controller 


An improved design of Fulscope Mi- 
cromax controller. The design is the 
same as previous models except that 
there has been added a manual by-pass. 
When the left adjusting knob shown in 
the illustration is at the arrow marked 
“automatic”, as in the position shown, a 
4-way air valve connects the air supply 
to the instrument control mechanism. 
With the knob turned to the arrow 
marked “manual” the 4-way valve con- 
nects the air supply directly to the dia- 
phragm valve, by-passing the Fulscope 
mechanism. The knob to the right is 
for regulating the air supply pressure 
and before changing from automatic to 
manual control the pressure of the air 
supply is reduced to the output air pres- 
sure to the diaphragm valve, as shown 
by the gages. Thus when the Fulscope 
mechanism is by-passed the control point 
is maintained. Taylor Instrument Com- 
panies, Rochester, N. Y. 


Two-Speed Fluid Motor 


Especially designed for machine tool 
feeds, this new two-speed oil power fluid 
motor is of the multiple piston type. 
The two speeds permit using the low 
speed for feed movements while the 
high speed is for rapid traverse. A 
feed range from 3 to 120 r.p.m. and a 
rapid traverse rate of 2,000 r.p.m. can be 











obtained with this motor when driven 
by the same standard Sundstrand pumps 
as used to provide feeding movements by 
means of a piston cylinder. Feed rate 
can be varied by adjusting the variable 
displacement feed pump, the rapid trav- 
erse speed remaining constant. Avail- 
able with two torque ratings. The unit 
illustrated has a rating of 100 in. lb. 
per 100 lb. per sq. in. pressure for the 
feed. The motor is 6% in. in diam. 
across the face of the flange and 9% 
in. overall length. Sundstrand Machine 
Tool Co., Rockford, Ill. 


Blueprinting Machine 








Known as the Model 4 printer for 
blueprints or black and white prints. this 
new machine is of the continuous type. 
the tracings and paper being carried 
on a heavy, endless canvas band. Illu- 
mination is provided by Cooper-Hewitt 
type mercury vapor lamps without resist- 
ance in the power circuit. These tubes 
consume 100 watts less current per tube 
than those on the previous model. each 
tube producing 19.5 lumens per watt 
as compared to 14 lumens per watt for 
the older type. Printing speed is ap- 
proximately 50 per cent greater than in 
the previous model and positive control 
of band speed can be had from 2 in. per 
min. minimum to 30 in. maximum, the 
drive being direct from the motor 
through a heavy roller chain to the 
drive roll. The Model 4 BW printer is 
designed for prints up to and including 
42 in. width and any length. Overall 
size of machine is 20 in. deep, 19 in. 
high and 61 in. long. and may be 
operated on 110 volts a.c. or 110 volts 
d.c. Charles Bruning Co., Inc.. 100 
Reade St., New York, N. Y. 


Interval Timer 


Synchronous motor-driven timer de- 
signed primarily for installation as an 
integral part of the appliance or equip- 
ment. Slow speed, self-starting motor 
drives a gear train operating in oil. 
Switch is quick-make and quick-break 
with silver contacts totally inclosed. 
Will operate in any position, is not af- 
fected by ordinary vibration and will not 
cause radio interference. Rated at 10 





amp., 120 volts, a.c. or 5 amp., 220 
volts, a.c. and will operate motor loads 
up to % hp. or heater loads up to 1,200 
watts or lamp loads of 1,000 watts. 
Normal switch life is 1 million opera- 
tions at rated load. Available in three 
types of contacts, namely, normally 
open, normally closed and double throw. 
Available in any one of thirteen stand- 
ard timing scales which range from a 
one-minute dial with divisions in sec- 
onds up to an eight-hour dial with 15. 
minute divisions. Optional feature is 
a delayed start button which permits 
operator to set the indicator without 
starting the timing motor which does not 
start until the button for starting the 
machine drive is pressed. Another op- 
tional feature is an automatic stop by 
means of which the indicator can be 
turned quickly to the same point for 
each operation. R. W. Cramer & Co., Inc., 
67-69 Irving Place, New York, N. Y. 
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Miniature Motor 


Known as Model R. designed espe- 
cially for radio pushbutton tuning, this 
tiny compact motor is equipped with 
mounting and gear assemblies made to 
specification. Motor shaft is securely 
mounted in oilless bearings which give 
noiseless operation. The housing pro- 
vides ample heat radiating area, suf- 
ficient for protection against accidental 
burning out. Overall dimensions of the 
motor are 2'4x2'exl%5, in. Alliance 
Mfg. Co., Alliance, Ohio. 
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Hydraulic Pump and 
Control Unit 


A hydraulic remote control unit de- 
yeloped especially for controlling the 
blades on snow plows and similar appli- 
cations. The unit consists of a hand- 
operated tandem duplex pump, oil reser- 
yoir and release valve all housed in one 
unit. Oil is delivered on both forward 
and backward movement of the handle. 
The positive release valve is of the 
ball-lever type and makes releasing pos- 
sible at any position regardless of the 
pump handle position. Head of the 
unit can be fastened to the body in any 
one of 12 positions to bring the release 
valve and the pump handle to the most 
convenient angle. The pump valves are 
of the ball check type and can readily 
be gotten at by removing external cap- 
screws. Connection for high pressure 
oil outlet and all other openings are 
above oil level to eliminate leakage. 


Blackhawk Mfg. Co., Milwaukee, Wis. 
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Vacuum Cement 


A cement for vacuum furnaces which 
does not become brittle, adheres to any 
surface and can be reused _ indefinitely. 
The cement is claimed to be highly 
tenacious and will stick to rough or 
smooth metal, glass and quartz surfaces 
to form vacuum-tight joints. It is solid 
at room temperature, but at higher tem- 
peratures becomes increasingly softer. 
In applying it to a vacuum furnace the 
cement is smeared over the joints of the 
cap closing the inner chamber of the 
furnace. A torch is used to make the 
compound flow readily and a_ heated 
putty knife is used to spread it. The 
cement can also be used as a paint by 
using carbon tetrachloride as a solvent. 
In this form it can be painted on and a 
layer of the desired thickness built up. 


Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 
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Circuit Breaker Relay 


New Type B relay with magnetic re- 
lease. Can be used as an overload cut- 
out, a manual reset annunicator drop, 
and an off-level indicator, in conjunction 
with a pendulum bob. It is intended 
for low voltage service up to 24 volts. 
Its three contact stack mounting posi- 
tions permit three operating switches at 
a single level. Where necessary, addi- 
tional contact combinations can be added 
to any one of the three stacks. It can 
be used in multiple assemblies with a 
common reset arm. G-M Laboratories, 
1731 Belmont Ave., Chicago, IIl. 


Oiltight Limit Switch 


A new oiltight Alnico  snap-action 
limit switch of the single-pole, double- 
throw design, with silver-faced tips on 
both the moving and stationary contacts 
to insure reliable operation and long 
life. Well suited to machinery where a 
small, compact, heavy-duty reversing 
limit switch is required to open or close 
a control circuit and where maintained 
accuracy of operation is of primary im- 
portance. The switch is inclosed in a 
steel case with two gasketed sides and 
an opening in the rear for 14 in. con- 
duit connections. With the side plates 
removed, the terminals are easily acces- 
sible. Large clearances make the 
switch easy to wire and to install. Ap- 
plications include tapping machines, 
threading machines, grinder tables and 
other reciprocating machinery. General 


Electric Co., Schenectady, N. Y. 








Timer 


A new, moderately priced, synchro- 
nous program clock and process timer, 
designed to operate for a wide variety 
of processes or time modification pe- 
riods. The standard model has one 
large, legible, 24-hour dial, and a 1-hour 
dial cam. Two pointers connected with 
an electrical contact arm ride each dial. 
Segments are cut in the 24-hour dial at 
the periods signal is to operate. The 
l-hour dial cam has slots at each 15- 
min. period. At each 15-min. period 
one pointer drops into a slot on the 
l-hour dial, but cannot make a contact 
until the preset time is reached on 
both dials. Then both pointers drop at 
the same moment resulting in a con- 
tact with ringing of the signal for a 
predetermined period. Ninety-six signal 
periods during each 24 hours is made 
possible by use of the 24-hour dial. 
Available in four types. Zenith Electric 
Co., 607 S. Dearborn St.. Chicago, IIl. 





Indicating Controller 


Combines as one unit the Wide 
Range Controller and the standard dial 
thermometer operating in parallel and 
mounted on an aluminum plate 6x 12 
in., drilled, ready for mounting. The 
standard vapor pressure thermometer 
mounted with the controller makes a 
complete indicating instrument. The 
thermostatic vapor pressure system 
which operates the controller also 
operates the dial thermometer making 
only one bulb connection to the ap- 
paratus necessary. Temperature grad- 
uations on the dial correspond to the 
same range as that for which the 
controller is made. The set point is 
easily adjusted by the exterior con- 
trol key which is calibrated for direct 
setting. Both the controller and dial 
thermometer are housed in “wear- 
proof” phenol cases. The controller 

















operates on a pressure of 15 lb. All 
range adjustments or sector changes 
from direct to reverse may be quickly 
made without the use of tools and 
without disturbing the dial _ ther- 
mometer. Entire unit weighs less than 
8 lb. Temperature range is from 
— 30 to 500 deg. F. and pressure range 
from 15 to 500 lb. Consolidated Ash- 
croft Hancock Co. Inc.. Elias St, 
Bridgeport, Conn. 


Imitation Gold Plate 


An imitation gold electroplate known 
as Goldglo developed to meet the need 
for a low-cost finish possessing the 
beauty of gold. It is claimed to have an 
extremely high throwing power and 
penetrates to remote recesses to plate as 
evenly as on flat, even surfaces. Goldglo 
plates directly over brass, copper, 
nickel, German silver, iron and steel, as 
well as over all hard solders and most 
soft solders. It requires lacquering to 
insure permanency of the finish. Special 
Chemicals Corp., Dept. E. 30 Irving 
Place, New York, N. Y. 


Duplex Chain 


Designed for the operation of groups 
of rolls or other installations where 
the sprockets must be placed close 
together. The chain is so constructed 





that the links of each chain are point- 
ing in opposite directions for the pur- 
pose of driving sprockets from each 
side. Narrow faced sprockets are 
used, engaging but one-half of the 
chain, with their hubs supporting the 
other half of the chain not in engage- 
ment. Any number of sprockets, spaced 
where desired, can be driven from 
either side of this chain, operating 
with the flexibility of roller chain and 
the high speed efficiency obtainable with 
silent chain. It is claimed to have 
broadened the field of silent chain ap- 
plication, solving transmission  prob- 
lems where chain could not be used 
in the past. Ramsey Chain Co., Inc., 
Albany, N. Y. 


Universal Gear Motors 
Types HL and HVL have a totally in- 


closed housing and 30 min. rating. 
Types H and HV have a single reduc- 
tion gear unit, a ventilated housing and 
continuous rating. In other respects 





these types of motors are_ identical. 
Mounting on the base of the gear unit 
provides rigidity while double gear-shaft 
extension makes either direction of ro- 
tation without changing the rotation of 
the armature. Standard motors have a 
12-coil winding and 12-bar commutator. 
Where considerably more power is re- 
quired a 24-coil winding and 24-bar 
commutator may be provided. Avail- 
able in gear ratios ranging from 7 to 
1 up to 60 to 1 with horsepower output 
ranging from 1/64 to 1/93 for the 115 
volts, 60 cycle a.c. motors, and 1/38 
to 1/68 hp. for the 115 volts, d.c. motors. 
Dumore Co., Racine, Wis. 


Polyphase Motor 


A low-starting current, high-starting 
torque motor having a locked torque of 
about twice full load torque and a 
locked current of from three to three 
and a half times full load current. 
Rotor is the primary member, the 








winding of which is connected to the 
line when the motor is operating. The 
stator is the secondary and has two 
windings, one a_ high-resistance short- 
circuited winding and the other a low. 
resistance insulated winding. The 
former, at the bottom of the stator 
slots, is protected by a thermal device 
that disconnects the motor upon over- 
heating. Motor has no_ centrifugal 
switch, a time delay relay in the con- 
trol circuit short circuiting the low- 
resistance winding after a definite 
lapse of time. Available in sizes from 
40 to 100 hp. Wagner Electric Corp., 
6400 Plymouth Ave., St. Louis, Mo. 
(This motor was originally an- 
nounced in the March issue of Product 
Engineering wherein’ the _ incorrect 
statement was made, “available in sizes 
up to 40 hp.” This should read, 
“available in sizes from 40 to 100 hp.”) 


Vacuum-Tube Timer 


A new general-purpose vacuum-tube 
timer for application to industrial ma- 
chinery requiring definite time delay 
during operation. The electronic por- 
tion of the unit consists of a GE-6C5 
three-element, high-vacuum metal tube, 
claimed to give long life to the timer. 
The timer is arranged to operate on 





either 115 or 230 volts, and 50 or 60 
cycles. Contact tips are rated 1 amp. 
at 115 volts and 0.5 amp. at 230 volts. 
It is calibrated with a scale having 
10 divisions proportional to time. The 
maximum and minimum __ operating 
times on 115 volts are approximately 
60 sec. and 3 sec. Resetting time is 
about 5 sec. for 100 per cent timing. 
General Electric Co., Schenectady, 
NX. ¥. 
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Photoelectric Controller 


For obtaining throttling control of 
electric furnaces and ovens, consisting 
of an indicating potentiometric con- 
troller with photoelectric detection of 
the position of a light-beam reflected 
from a mirror galvanometer toward a 
reciprocating “controlling edge.” With 
this automatic controller the heat sup- 
ply is made to vary inversely as the 
temperature. The instrument, has no 
measurable dead zone and holds a 
steady temperature instead of the os- 
cillating temperature of on-and-off con- 
trol. It is particularly resistant to vi- 
bration, although shock-proof mountings 
are available. The circular scale and 
slide wire are 15 in. long and tempera- 
tures can be read within the accuracy 
of 0.1 per cent of the range. The scale 
appears through a glass window and 





temperatures are indicated by a_bril- 
liant white, red or green line of light 
on ground glass, visible at a great dis- 
tance. C. J. Tagliabue Mfg. Co., Park 
& Nostrand Aves., Brooklyn, N. Y. 


Concrete Drills 


A new carboloy-tipped concrete drill 
for drilling in concrete, tile, brick, mar- 
ble, asphalt and other non-metallic con- 
struction materials. It is claimed to 
reduce drilling time at least 50 per cent, 
hold a sharp cutting edge for long 
periods of use, produce smoother, more 
accurate holes, and eliminate difficulties 
ordinarily encountered when drilling 
glazed surfaces such as tile. Carboloy 
Co., Inc., 2981 E. Jefferson Ave., De- 
troit, Mich. 


Engine Pressure Indicator 


Known as the Premax pressure indi- 
cator for measuring the peak pressure 
in internal combustion engines or other 
machines in which pressures occur in 
successive cycles of the same form. Sim- 
Ple adjustment automatically corrects 
the readings for the inertia of the mov- 
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ing parts rendering the indicator cap- 
able of reading accurately at any en- 
gine speed. The neon light attachment 
provides a positive means of detecting 
piston movements at highest engine 
speeds. A water-cooled union nut con- 
necting cylinder with barrel keeps indi- 
cator cool during long periods of op- 
eration. Wing nut cylinder connection 
makes it possible to mount indicator so 
that scale is conveniently visible. The 
standard model indicator reads from 
200 to 1,200 lb. per sq. in. Indicator 
has been tested and approved by the 
U. S. Navy for use in the naval service. 
Bacharach Industrial Instrument Co.. 
7000 Bennett St., Pittsburgh, Pa. 
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Mercury-Contact Relay 


A metal-clad mercury-contact relay, 
known as Type 12, for industrial electri- 
cal control purposes where a rugged 
construction is required.  Totally-in- 
closed contacts permit its use in haz- 
ardous locations, such as those exposed 
to explosive dust or gases. Relay is 
available in current-carrying capacities 
up to 50 amp. at 110 volts, a.c., and 
with one or two contacts, either “make” 
or “break,” or one “make” and one 
“break.” The contact units are like 


small catridge fuses, and are held by 
spring clips, so a contact can be 
changed from a “make” to a “break” or 
vice versa, without changing the wiring 
or adjustment of the relay. American 
Automatic Electric Sales Co., 1033 W. 
Van Buren St., Chicago, Il. 








Manufacturers Publications 





“BAKELITE LAMINATED”—Bakelite Corp., 
247 Park Ave., New York, N. Y. Booklet, 
48 pages, 6x9 in. Describes the range of 
Bakelite laminated products available and 
their diversified applications. 


BaLancinG MACHINES—Tinius Olsen Test- 
ing Machine Co., 500 N. 12th St., Phila- 
delphia, Pa. Bulletin 14, 24 pages, 84x11 in. 
Illustrating and describing their vibro-elec- 
tric, static-dynamic balancing machines. 
Also includes general balancing data. 


Bearincs—Bound Brook Oil-Less Bearing 
Co., Bound Brook, N. J. Booklet, “Compo 
Self-Lubricating Bearings,” 9x1114 in. In- 
cluding information on structure, methods 
of installation, determination of dimensions, 
die sizes, etc. A reprint telling how Compo 
bearings can be used to help reduce costs 
and solve lubrication problems is also in- 
cluded. 


Bearincs—The Heim Co., Fairfield, Conn. 
Bulletin 14, 4 pages, 9x12 in. Details on 
their line of self-contained roller bearings, 
including specifications, tolerances and load 
rating data. 


Beartncs—Hyatt Bearings Div., General 
Motors Corp., Newark, N. J. “Your 10 
Demandments Are the Hyatt Ten Com- 
mandments,” 24 pages, 814x714 in. Pre- 
senting by means of illustrations and brief 
captions ten outstanding features of Hyatt 
roller bearings. 


BeLLows—Chicago Metal Hose Corp., 
Maywood, Ill. Bulletin SS-1, 4 pages, 
814x11 in. Describing their one-piece, thin- 
walled stainless steel bellows. Physical prop- 
erties of the material, dimension data and 
standard constructions are given. 


Busuincs—lsolantite Inc., 233 Broadway, 
New York, N. Y. Bulletin 104, 8 pages. 
Listing the company’s standard bushings 
for lead-in, transformer and condenser serv- 
ice. All the insulators listed are of the 
low-loss ceramic type, suitable for high- 
frequency. Mechanical drawings give com- 
plete working dimensions. 


Casters AND Trucks—Saginaw Stamping 
& Tool Co., Saginaw, Mich. Catalog 38 
CG-2, 45 pages, 84x11 in. Illustrations and 
complete data covering their line of pneu- 
matic wheels, casters and trucks. 


CLutcHEes—Carlyle Johnson Machine Co., 
52 Main St., Manchester, Conn. 1938 Cata- 
log, 10 pages, 6144x9 in. Data and specifica- 
tions on the Johnson line of standard type 
friction clutches as well as the Super- 
Johnson type clutch with Raybestos faced 
expansion ring. 


CiutcHes—Rockford Drilling Machine 
Div., Borg-Warner Corp., 301 Catherine St., 
Rockford, Ill. 4-page folder, 84x11 in. Con- 
tains illustrations, diagrams and data on the 
special features and advantages of Rockford 
“over-center” clutches. 
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ConTROLLERS—The Brown Instrument Co., 
Philadelphia, Pa. Catalog 6502, 28 pages, 
8x1014 in. Covering the complete line of 
Brown hygrometers for recording and con- 
trolling humidity in industrial and domestic 
air conditioning. 

ConTROLLER—C. J. Tagliabue Mfg. Co., 
Park & Nostrand Aves., Brooklyn, N. Y. 
Bulletin 1173, 4 pages, 814x11 in. Illustrat- 
ing and describing a new Celectray indicat- 
ing controller for economically obtaining 
throttling control of electric furnaces and 
ovens. 

Converors—Mathews Conveyor Co., Ell- 
wood City, Pa. “Equipping Industry for 
Continuous Production,” 32 pages, 844x1l1 
in. A pictorial presentation of their entire 
line of conveyors and the applications of the 
various types in numerous industries. 


Cy.tinpeErs—Hanna_ Engineering Works, 
1765 Elston Ave., Chicago, Ill. Catalog 226, 
24 pages, 84x11 in. Covering the line of 
Hanna cylinders, hoists and valves, includ- 
ing illustrations, capacities, dimensions, etc. 

Extectric Equipment—Bulldog Electric 
Products Co., Detroit, Mich. Catalog 381, 
88 pages, 84x10 in. The 1938 condensed 
catalog of Bulldog centrolling and dis- 
tributing apparatus for electric light and 
power. 


ELEcTROTINNING—Electroplating Div., E. 
I. duPont de Nemours & Co., Inc., Wil- 
mington, Del. Technical Service Manual, 12 
pages, 814xl1l in. Outlines the recom- 
mended practice for the operation of the 
duPont sodium stannate-acetate electrotin- 
ning process, and presents standard methods 
of preparing, controlling and analyzing the 
solution. 


FintsH—Hilo Varnish Corp., 42-60 Stew- 
art Ave., Brooklyn, N. Y. Bulletin Sheet 
No. 15-S, 5x7% in. Data on Hilo Sparkle 
Rip-pls fine gloss with gold, showing sam- 
ples of the finish obtainable. 


HasteELLoy—Haynes Stellite Co., Kokomo, 
Ind. Booklet, “Hastelloy—High-Strength Al- 
loys for Corrosion Resistance,” 31 pages, 
814x111 in. Presenting complete information 
on four Hastelloy alloys covering chemical 
and physical properties, available forms, 
methods of fabrication, machining and weld- 
ing, and typical applications. 


LupricaTlon—E. F. Houghton & Co., 
Philadelphia, Pa. “Research, Illustrated,” 
Transmission-Lubrication Edition, Vol. 3, 
No. 1. This edition includes a discussion 
of the general utility of leather; lower ul- 
timate operating belt costs; lubrication in 
the presence of moisture; industrial oil fil- 
tration, etc. 


Macnet Wires—Anaconda Wire & Cable 
Co., 25 Broadway, New York, N. Y. Folder, 
“Anaconda Vitrotex,” 844xll in. Present- 
ing the outstanding features and advantages 
of their flexible fibre glass insulation for 
magnet wires, leads and coils, known as 
“Vitrotex.” 


Measurinc InstruMENTS—General Elec- 
tric Co., Schenectady, N. Y. Booklet GED- 
638, “When You Can Measure,” 32 pages, 
834x1134 in. An attractively presented 
and illustrated booklet telling in brief the 
contributions of General Electric engineers 
and scientists to the art of measurement, 
also illustrating and describing how the in- 
struments are designed, constructed and 
tested. 





Morors—Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago, Ill. Bulletin 2260, 
8 pages, 814x1l in. Covering their line of 
direct-current motors, illustrating and de- 
scribing the features of construction of 
various sizes. 


“100 Years oF WorkiNnG Service”—Kropp 
Forge Co., 5301 W. Roosevelt Rd., Chicago, 
Ill. Booklet, 30 pages. 644x944 in. An 
interesting booklet tracing the progress of 
the Kropp Forge Company, makers of drop 
and steam hammer forgings, from its origin 
through the past 100 years. Numerous com- 
parative pictures of old and modern times 
are included. 


Pire—Bethlehem Steel Co., Inc., Bethle- 
hem, Pa. Folder, 84x11 in. Describing 
their Ammonoduct pipe, designed to resist 
vibration fatigue in railroad service. 


Pipe Fitrtincs—S. R. Dresser Mfg. Co., 
Bradford, Pa. Booklet, Form 381A, 16 
pages, 814x1l in. Descriptive data and 
tables of specifications and price lists on 
Dresser “No-Thread” fittings. 


PoTENTIOMETERS—The Bristol Co., Water- 
bury, Conn. Bulletin 507. Descriptive data 
and operating characteristics of the entire 
line of Bristol Pyromaster round-chart po- 
tentiometers. 


Pressure Inpicator—Bacharach Indus- 
trial Instrument Co., 7000 Bennett St., 
Pittsburgh, Pa. Bulletin 272, 4 pages, 
81x11 in. Describing their Premax engine 
pressure indicator with details on its design 
and operation. 


Province Rincs—Tinius Olsen Testing Ma- 
chine Co., 500 N. 12th St., Philadelphia, 
Pa. Circular illustrating and describing 
their proving rings, setting forth their out- 
standing advantages. 


Pumps—Pioneer Engineering & Mfg. Co., 
Inc., 31 Melbourne Ave., Detroit, Mich. 
Loose-leaf booklet, 45 pages. A comprehen- 
sive engineering data book covering coolant 
and lubricant pumps and their correct ap- 
plication to machine tools and _ industrial 
processing. 

RELAys AND Timers—Struthers Dunn Inc., 
146 N. Juniper St., Philadelphia, Pa. Tech- 
nical Catalog D. New 1938 catalog cover- 
ing their line of relays, timers and _ther- 
mostats. 


Rotter BEARING FLEXIBLE Drive SHAFTS 
—Mechanics Universal Joint Div., Borg- 
Warner Corp., Rockford, Ill. Catalog, 12 
pages, 814x1l in. Data covering the “Me- 
chanics” roller bearing universal joints 
and flexible drive shafts for industrial ap- 
plications. 


Suims—Laminated Shim Co., Inc., 21-26 
44th Ave. Long Island City, N. Y. Folder, 
8ixll in. Covering the application of 
Laminum shims and spacers in the oil in- 
dustry. 

Socket INstRUMENTS—Westinghouse Elec. 
& Mfg. Co., East Pittsburgh, Pa. Catalog 
Section 43-600, 20 pages, 81x10} in. Data 
and information, details of construction, and 
advantages of their line of socket instru- 
ments for industrial application. Includes 
dimensional drawings, connection diagrams 
and price lists. 


SPEED CHANGERS—Allis-Chalmers Mfg. 
Co., 1126 S. 70th St., West Allis, Wis. 
Bulletin 1266, 12 pages, 8}xll in. Cover- 


ing the outstanding features of the new 
vari-pitch speed changer and _ illustrating 
typical installations. “Also contains tables 
of dimensions, speed range, horsepower 
ratings, and a page devoted to layouts of g 
few typical applications. 


SpeeD Repucers—Winfield H. Smith, Inc., 
Springville, Erie Co., N. Y. Catalog de. 
scribing the complete line of WHS speed 
reducers suitable for transmitting from frac. 
tional to 75 hp. 


Sprincs—Hunter Pressed Steel Co., Lans. 
dale, Pa. A new booklet setting forth the 
designing and production facilities of the 
company for the manufacture of springs of 
all types, sizes and metals. 


Sprincs—Raymond Mfg. Co., Div. Asso- 
ciated Spring Corp., Corry, Pa. “Spring 
Principles and Design,” 32 pages, 84x11 in. 
Following a brief pictorial presentation of 
the history and equipment of the company, 
the booklet is divided into sections giving 
information on springs, classified according 
to spring forms; springs used in various 
industries; information on spring design, 
limits, finishes, etc.; and tables of deflec- 
tions and loads for a wide range of spring 
sizes. 


SteEL—LaSalle Steel Co., Box 6800-A, 
Chicago, Ill. Booklet 30, “LaSalle Sets a 
New Standard in Cold Finished Steel Bars,” 
12 pages, 84x11 in. Describing the new 
LaSalle Stressproofing process and Stress. 
proof steels with data on physical properties. 


SteEL—Joseph T. Ryerson & Son, Inc., 
Box 8000-A, Chicago, Ill. 1938 Catalog 
No. 1, 224 pages, 4}x8} in. Containing com- 
plete listings and descriptions of the wide 
range of certified steels and allied products 
carried in stock by the company. Also in- 
cludes reference tables, weight charts, stand- 
ard specification listings, etc. 


“Tue Key to Remote ControL”—Amer- 
ican Cable Div., American Chain & Cable 
Co., Inc., 12-252 General Motors Bldg., De- 
troit, Mich. Folder, 84x11 in. Illustrating 
and describing their Tru-Lay push-pull flex- 
ible cable units for remote control. 


Vatves—General Controls Co., 450 E. 
Ohio St., Chicago, Ill. Descriptive bulletin 
on their new dual magnetic valve known as 


General Dual K-10. 


Vatves—Hancock Valve Div., Manning, 
Maxwell & Moore, Inc., Bridgeport, Conn. 
Four new publications: Bulletin 4-4500, 
describes and illustrates their complete line 
of bronze valves. Bulletin 8500 contains 
complete data on their blow-off valves. Bul- 
letin 7500-C covers their Flocontrol valves. 
Another bulletin covers their Duravalves 
with integral stellite seat. 


Vatves—Homestead Valve Mfg. Co. 
Coraopolis, Penna. Leaflet covering the de- 
sign details, advantages and typical uses 
for Homestead lift-plug valves. 


V-Bett Drives—T. B. Wood’s Sons Co., 
Chambersburg, Pa. Price Bulletin No. 181, 
12 pages, 8}x11 in. Covering Wood’s V-belt 
sheaves and V-belts. 


Wextpinc Exectrropes—The McKay Co. 
Pittsburgh, Pa. Booklet, “Shielded-Arc 
Welding Electrodes,” 16 pages. Describing 
the new line of welding electrodes developed 
by this company. 


Propuct ENGINEERING 



















+ REFERENCE BOOK SHEET 








les 
er 
a 
3 Areas of Regular Polygons 
de- 
ed 
aC- CARL P. NACHOD, NACHOD AND U. S. SIGNAL CO., INC. 
ns- : 
Ps N A REGULAR POLYGON, with n The nomogram for the equation is a check for the vertical alignment of the 
a | sides of length /, the area is solved by a secant. By this it may be scales, since a square—a polygon of four 
_ 1” 180° » seen that a pentagon with 2.5 in. sides sides—with side length equal to 1 in., 
A= a a has an area of 10.8 sq. in. Secant I is has 1 sq. in. area. 
So- 
ing 
in. 
of 1007, 
ny 120 
ing 
ing ~ 0 +> + 
ous £ 716 
gn, 
lec. 60+ yi4 
ing 
iz 
50+ 
)-A, 10 T3 
$a r 
rs,” 4 40t 
1eW 
ess- 1 78 
ies. 4. 
30F 
ne., . 
log cs 
om- 257 
ride +5 
= 20+ ‘ + As 
ind- ™ io7 4 Fg 
© 16+ Ps 
ner- Digt - FF e 
able > ’ 3.0 » a v 
ni "499 5 4 ‘4 
aang Sing eee ee ee ese ES a eS oe TS = 
flex- oe 
: a : y 
E. < : 2.0 ® Pa r 
etin 87 | ffi | Oe 
1 as 
7 1.6 D4 
ing, 6 F 1.4 a 
onn. 4 15 
500 si a” Faz 
line ae 
ains 7 J '\0 
Bul 4r P + T 8 
ives. rs 
Ives Po 1 sais 49 
Co., ° > ul 
de- 1 Y 4 +T 0.6 +1 0 
uses od 4 
ait AREA OF REGULAR POLYGON 
+1 1 
Co., 2T P Fl . 
181, Z a A=2 Cot 180 42 
belt 4 aaa * n | ies 
1.6 4 a 
yr 
Co., 
-Arc 
bing 
»ped 











June, 1938 































Radii of Inscribed and Cir tbed Circl 
CARL P. NACHOD, NACHOD AND U. S. SIGNAL CO., INC. 
OLYGONS are conveniently con- equations, using two scales in common. cant II is a check for a hexagon 1 jp, 
structed by inscribed and circum- Secant III shows that 1.72 in. is the on a side, for which the radius is 1] jp, 
scribed circles. Let r and R be radius of the inscribed circle, and se- for the circumscribed circle. 
the radii of the inscribed and circum- cant IV that 2.13 in. is that of the cir- In this nomogram, use the left hand ‘ 
scribed circles, respectively. Then cumscribed circle for a pentagon 2.5 in. scale as n for the circumscribed circle s 
on a side. Secant I is a check for the and the right hand scale on the same . 
l 180° l 180° e - ‘ : R : , fi 
t+ 2 R= 5 ce —— vertical alignment of the scales, since line for the inscribed circle. Note how 
7 " 0.5 in. is the radius of the inscribed the radii approach each other as the 
This nomogram computes both these circle in a square 1 in. on a side. Se- number of sides increases. 
TIiQc 
7250 + 
lor 16 +200 
(87 pA 
ak. +160 T70 
144 = 
iw +120 T 
134 ‘ 
‘hh +100 +50 , 
‘25 4 | 
z. 2 0 - ( 
4 © +70 +40 
" Sa RADIUS OF INSCRIBED AND ‘ 
rit@ce CIRCUMSCRIBED CIRCLES OF 4 | 
104 %S$3 REGULAR POLYGONS ss , 
° 
Hob ee r=1 Cot 180° » +30 t 
79 3 ® bs " °o +40 = I 
ESS R= Cec 180 2 4 
ro (lS 2 n Le 
2 +30 52 
8 4 35 . 
©o 720 , 
r 8 wt § 7 
a +20 c 3° : V 
7 clo c 
+ Se 
+7 + |= s “4 7 t 
6K, | 3.2 Reg 
ie st + 4 d 
Ss as ¢ 
a 10 «6(|& a 
‘ hs i “ 10 - 
6 hr. q é 
Se ig 8 , 2 } 
ie re, i” J GF 
ni Tin 6 a t 
i, 
ces 5 2 | 
44 ™; 
5S ese é 
a a, 4 
a a Pee t 
ee i Sk 5 ‘ 
ee ™* it 3 f 
ea he ~~ 
37 a ek a 4 
ie as 4 ¢ 
ei Ss >~n~ é 
*S Tae ie ! 
a Ss i Fi 
on %. + Sete ie 5 ( 
ie laa . Re ii +3 
Tit “Fs + ie a . 
a, ia —t 2.5 i ! 
~ ir i 
% Git + 08 ~~ +2 ( j 
ra) — 5 ‘ 
: 3 ae I + 0.7 i. E | 
a} 2 ai, +06 ‘\ | 
3 ee “hy ) 
2 > Tas _ * { , 
oO ote ns ' bi 
0.4 aS Ss | 
— 7, 4 ; 
L NS | 
3 J 
c > c wad a 1 








PRODUCT ENGINELRING + REFERENCE BOOK 


SHEET 








Propuct ENGINEERING 


